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yiBLD OF THB IHVEMTIOM 



The present invention relates to an inkjet ink set 
and an inkjet recording method, which can provide an image 
haying estcellent durability under high-humidity conditions . 



BACKGROOMD OF ^THE INVENTION 

Accon^anying. r.eeeat. popularization of computers, an 
ink jet printer, i« widely used for printing letters . or- an 
15 image on pap^r, fiim, cioth or the like not only at of fi'oeai 
hfUt also at homes . 

The inkjet recording method includes a system of 
jetting out a liquid droplet by applying a pressure from a 
piezoeloctric element, a system of jetting out a liquid 

20 droplet by generating a bubble In the ink under heat, a 
system of using an ultrasonic wave, and a system of jetting 
out a liquid droplet by suction using an electrostatic 
force. The ink composition used for such ink jet recording 
includes an aqueous ink, an oily ink and a solid (fusiott- 

25 tspe) ink. i^ng these inks, an aqueous ink i« 
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predominatdn? in view of production, handleability, odor, 
safe'^ and the like. 

OJhe coloring agent used in Snch an ink for inkjet 
recording is required to have high solubility in a solvent, 
5 enable high-densitgr recprding, provide good color hue, 
exhibit excellent fastness to light, heat, air, water and 
chemicals, ensure good fixing property to an image- 
receiving material and less bleeding, give an ink having 
excellent storability, have high purity and no toxicity, 
10 and be available at a low cost. However, it i» very 
difficult to find out a coloring agent . satisfying these 
requirements in a high level. Various, c^es and pigments 
for inkjet recording have been already -:p±r<^osed and 
actually used, however, a coloring agent satisfying all 
,1.5 requirements is not yet. found out . at present . 

Conventionally well-known dyes and pigments having a color 
index (C.l.) number can hardly satisfy both color hue and 
fastness required of the ink for inkjet recording. 
Heretofore, studies are being made on a dye having good 
20 color hue and fastness with an attempt to develop a dye 
excellent as the coloring agent for inkjet recording. 
However, in the con?»ound called a water-soluble dye, a 
water-soluble group is necessarily substituted. If the 
number of water-soluble groups is inoseasttd so as to 
25 improve the stability of ink, this has been found to cause 
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a problem that the formed image is readily blurred under 
high-humidity conditions. 

The present inventors have found that a betaine 
compound is effective for solving thi« phenomenon of 
5 blurring. 

However, it is revealed that when an ink set contains 
an ink using a betaine compound, the bleeding can be 
^'o^^<^ depending on the surf actant contained - in other 
inJta, but the coloring material is precipitated in the 
10 high-density part having mixing of oolors and this readily 
causes production of an -image with bronze gloss or 
occurrence of a beading phenomenon. 



Smftfl^RY OF. THE IMVENTIQM 

an object of the present invention is to provide an 
inknet ink set and an inkjet recording method, which can 
ensure less blurring of an iniage evon under high-htmidity 
20 conditions. 

The object of the present invention can be attained 
by the inkjet ink, ink set and inkjet recording method in 
the following items 1 to 3. 

1) An inkjet ink s«t comprising at least two inks, 
25 wherein at least one ink contains a betaine co«5K>und and at 
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least one other ink contains a nonionic surfactant. The 
ink containing a betaine compound contains substantially no 
nonionic surfactant and contains no polymer fine particle. 
The dye in the ink proferatly contains an ionic hydrophllic 
5 group and is water-soluble. All inks in the ink set 
preferably contain substantially no anionic surfactant. 

2) The ink jet ink set as described in 1, wherein 
at least one betaine -coinpound is a compound represented by 
the following formula (1) : 
10 Fomula (1) : 

(R) p-N- [L- (COOM) ,J r 
wherein. R represents a hydrogen atom, an alkyl-- group, an 
aryl group or a heterocyclic group; 1. represents . Si- di- or 
more valent linking group; M represents. a hydrogen -atom, an 
15 alkali metal atom, an ammonium group,, a protonat^d organic 
amine or nitrogen-containing heterocyclic group • or a 
quaternary ammonium ion group, and when p+r is 4 (there is 
an ammonium ion) , one of Ms is not present; q represents an 
integer of 1 or more; r represents an integer of 1 to 4; p 
20 represents an integer of 0 to 4; p+r is 3 or 4 and when p+r 
is 4, the N atom becomes an ammonium atom; when q is 2 or 
inore, COOMs may be the same or different; when r is 2 or 
aore, L-(COOM)^ may be the same or different; and when p 
is 2 or more, Rs may be the same or different. 

3> Inkjet ink set as described in 1 or 2, 
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Wherein the nonionio surfactant is a compound represented 
by the following formula (2) , (3) or (4) : 
Formula (2) ; 

m 

wherein R21 represents an allcyl group having from 5 to 40 
carbon atoms and »^ represents an average addition molar 
number of ethylene oxide and is a number of 2 to 40; . 
Formula (3) : 

R22COO-(-CH2CH20)-^H 



wherein represents an alkyl- group having f rom^ S to 40 

carbon atoms and represents- an average addition, molar 
number of ethylene oxide and is a number of 2 to 40.;:. / 
15 Formula (4) : 



I 

R31 — c— c=c— X • 



wherein R,i and R32 each independently represents an alkyl 
group having from I to 18 carbon atoms, R33 represent* a 
hydrogen atom, an alJcyl gxoup having from 1 to 6 carbon 
atoms or a phenyl group and X represents a hydrogen atom or 



^34 

? R35 



0H-CH2CH20-)-^R3, 
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R34 and R35 each Independently represents an alkyl group 
having from 1 to 18 carbon atoms, R36 represents a hydrogen 
atom, an alkyl group having froia 1 to 6 carbon atoms or a 
phenyl group, m' and m* each represents an average addition 
5 molar number of ethylene oxide, and m=+m* is from 0 to 100, 
provided that when m^ is 0, R33 represents a hydrogen atom, 
when m* is 0, B36 r^resents a hydrogen atom, and when X is 

a hydrogen atom-, tt? is from 1 to 100. - 

4) Tha ink jet ink set eon^rlsin^ at least two inks 
10 as described in 1 to 3, wherein at laast one ink contains a 
hetaine compound and at least one other ink contains a 
betaixte conqpound and a nonionic surfactant. 

.-.Sy... vtrhe ink jet ink set as described in 1 to 4, 
wherein . the.- betaine compound is a compound represented by 
IS formula (S) or (7) shown later, . . 

6) An Inkjet recording method, comprising 
recording an image in an inkjet printer by using the Inkjet 
ink set described in 1 to 5. 

According to the present inv«(ition, an inkjet ink set 
20 and an Inkjet recording method, capable of ensuring less 
blurring of an image even under high-humidity conditions, 
can be provided. 
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DETAXIiED DESCRIgTION OF THE INVENTION 



The present invention is described in detail below. 
The Inkjet ink set of the present invention is 
characteriased in that at least one ink contains a betaine 
compound and at least one other ink contains a nonionic 
surfactant (preferably also contains a l>etaine confound) . 

The betaine compound as used herein is defined as a- 
compound having both a cationic site and an anionic site 
within the molecule* Of these coxnpounds^ preferred 
examples of the cationic site of the compound having 
surface activity include an aminic nitrogen, atom, a 
nitrogen atom of a heteroaromatic. ring-, and a phosphoric 
atom,- with a quaternary, nitrogen atom being more preferred. 
Eacantples of the anionic site include a hydroxyl group, a 
thio group, a sulfonasaide group, a sulfo group, a carbo^l 
group, an imido group, a phosphoric acid group and a 
phosphonic acid group. Among these, preferred are a 
carboxyl group and a sulfo group. The electric charge of 
the surfactant molecule as a whole may be cationic, anionic 
or neutral but is preferably neutral - 

The betaine compound for use in the present invention 
is preferably a compound represented by formula (1) , 

Among the compounds represented by formula (1) , the 
betaine compound for use in the present invention is 



preferably a compound represented by the following formula 
(5) or (6) . 
Formula (5) : 

^1B 

R2B®N— L — CO2® 
R3B 



la formula (5); Rxa to Rga each represents an- alkyl 
group (which may be substituted; preferably an alkyl group 
having from 1 to 20 carbon atoms, e.g., methyl, ethyl, 
propyl, butyl, hexyl, oetyl, dodecyl, cetyl, stearyl, 
oleyl), an aryl. group (which toay be substituted; preferably 
an aryl ^roup .having from 6 to 20 carbon atoms;, evgvj 
phenyl, tolyl,,; ,xylyl^ naphthyl, cumyl, dodecylpheayl),.or a 
heterocyclic group (which may be substituted; preferatoly a 
heterocyclic group having from 2 to 20 caibon atoms, e.g., 
pyri<^l, qttinolyl) and R„ to R3B may combine with each 
Other to form a cyclic structure. to Rj^ each is 

preferably an alkyl group. L represents a divalent linking 
group. L is preferably a divalent linking group containing 
an alkylene group or an arylene group as a fundamental 
constitution unit. I„ the linking main chain part, a 
hcteroatom such as oxygen atom, sulfur atom and nitrogen 
atom may be contained. R^^ to R^s and L each may be 
substituted by various substituents . Bxamplea of the 
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substituent include an alkyl group (preferably having from 
1 to 20 carbon atoms, more preferably from 1 to 12 carbon 
atoms, still more preferably from 1 to 8 carbon atoms, e.g., 
methyl, ethyl, iso-propyl, tert-butyl, n-octyl, n-decyl, n- 
hexadecyl, oyclopropyl, cyclopentyl, oyclohexyl) , an 
alJcenyl group (preferably having from 2 to 20 carbon atcaas, 
more preferably from 2 to 12 carbon atoms, still more 
preferably from 2 to- 8- carbon atoms, e;g. , vinyl, allyl, 2- 
butenyl, 3-pentenyl) , an alkynyl group (preferably having 
from 2 to 20 carbon atoms, more preferably from 2 to 12 
carbon atoms, still more preferably from 2 to 8 carbon 
atoms, e.g., propargyl, 3-pentynyl) , an aryl group 
(preferably having from € to. 30 . carbon atoms , more 
preferably from 6 to 20 oarbon atoms, still more preferably . 
from 6 to 12 carbon atoms, e.g., phenyl, p-rtathylphenyl , 
naphthyl), an amino group (preferably having from 0 to 20 
carbon atoms, more preferably from 0 to 12 carbon atoms, 
still more preferably from 0 to 6 carbon atoms, e.g., amino, 
aMathylamino, dimethylamino, diethylamino, diphenylamino, 
dibenaylamino) , an alkoxy group (preferably having from 1 
to 20 carbon atoms, more preferably from 1 to 12 carbon 
atoms, still more preferably from 1 to 8 carbon atoms, e.g., 
methoxy, ethoxy, butoxy) , an aryloxy group (preferably 
having from 6 to 20 carbon atoms, more preferably from 6 to 
16 carbon atoms, still more preferably from 6 to 12 carbon 
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atoms/ e.g., phenyloxy, 2-naphthyloxy) , an acyl group 
(preferably having from 1 to 20 carbon atoms, more 
preferably from 1 to 16 carbon atoms, still more preferably 
from 1 to 12 carbon atoms, e.g., acetyl, benzoyl, fotniyl, 
5 pivaloyl), an aUcoxycarbonyl group (preferably having from 
2 to 20 carbon atoms, more preferably freaa 2 to 16 carbon 
atoms, still more preferably from 2 to 12 carbon atoms, 

e.g., metboxycarbonyl,- ethoxycarbonyU,. an aryloxycarbonyl 
group (preferably having from 7 to 20 oarbon atoms, more 
10 preferably from 7 to 16 carbon atoms, still more preferably 
from 7 to 10 - carbon atoms, e.g., phenyloxycarbonyl) ; an 
acyloxy group (preferably having from 2 to 20 carbon . atcfts 
«ore preferably ...from. 2 to 16 carbon atoms, still more 
preferably from Z. ito. 10 carbon atoms , evg. , ^acotoxy, 
15 benaoyloxy) , . an acylamino group (preferably, having, from 2 
to 20 caxbon atoms, more preferably from 2 to 16 carbon 
atoms, still more preferably from 2 to 10 carbon atoms, 
e.g., acetylaaino, benzoylamino) , an alkoxycarbonylamino 
group (preferably having from 2 to 20 carbon atoms, more 
20 preferably from 2 to 16 carbon atoms, still more preferably 
from 2 to 12 carbon atoms, e.g., methoxycarbonylamino) , an 
aryloxycarbonylamino group (preferably having from 7 to 20 
carbon atoms, more preferably from 7 to 16 carbon atoms, 
still more preferably from 7 to 12 carboa atoms, e.g., 
25 phenyloxycarbonyiamino) , a sulfonylamino group (preferably 
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having from 1 to 20 carbon atoms, more preferably from 1 to 
16 carbon atoms, still more preferably from 1 to 12 carbon 
atoms, e.g., Jnethylsulf onylamino , phenylsulf onylamino) , a 
sulfamoyl group (preferably having from 0 to 20 carbon 
5 atoms, more preferably from 0 to 16 carbon atoms, atill 
more preferably from 0 to 12 carbon atoms, e.g., sulfamoyl, 
methylsulfamoyl, dimethylsulfamoyl, phenylsulf amoyl) , a 
carbamoyl group (preferably having from^ - 1 to 20 carbon 
atcais, more preferably from 1 to 16 carbon atom^, still 
10 more preferably from 1 to 12 carbon atoms, e,g., carbamoyl, 
methylcarbamoyl, diethylcarbamoyl , phenyl carbamoyl ) , an 
alJcylthio group (preferably having from 1 .to 20 carbon- 
atoms, more .preferably from 1 to 16 carbon :;^atoms> still 
: more preferably from 1 to 12 carbon atoms , e .g; , . methyl thio , 
15 ethylthio) , an arylthio group (preferably having from 6. to 
20 carbon atoms, more preferably from 6 to 16 carbon atoms, 
still more preferably from 6 to 12 carbon atoms, e.g., 
phenylthio) , a sulf onyl group (preferably having from 1 to 
20 carbon atoms, more preferably from 1 to 16 carbon atoms, 
20 still more preferably from 1 to 12 carbon atoms, e.g., 
mesyl, tosyl) , a sulfinyl group (preferably having from 1 
to 20 carbon atoms, more preferably from 1 to 16 carbon 
atoms, still more preferably from 1 to 12 carbon atoms, 
® . g w methylftulf inyl , phenylsulf inyl) , a ur^ido group 
25 (preferably having from 1 to 20 carbon atoma, more 
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preferably from 1 to 16 carbon atoms, still more preferably 
from 1 to 12 carbon atoms, e.g., ureido, methylureido, 
phenyluxeido) , a phosphoric acid amide groap (preferably 
having from 1 to 20 carbon atoms, more preferably from 1 to 
16 carbon atoms, still more preferably from 1 to 12 carbon 
atoms, e.g., diethylphosphoric acid amide, phenylphosphoric 
acid amide), a hydrojcy group, a mercapto group, a halogen 
atom (e.g. , fluorine, chlorine, bromine, iodine) > a cyano 
gxoup, a sttlfo group, a earboxyl group, a nitro group, a 
hydxox^ic acid group, a sulfino group, a hydxaaino group, 
an imino group, a heterocyclic group (preferably having 
from 1 to .30 carbon - atoms;, more preferably from 1 - to 12 
carbon Atoms, and. containing, for example, a nitrogen atom; 
an oaeygen atom, or « sulfur atom as the hefcoroatom;, e.g:;. 
imidazolyi, pyridyl , .quinolyl , furyl, thienyl, piperidyl, • 
morpholitto, benzoxazolyl, benzimidazolyl , benzothiazolyl , 
carbazolyl, azepinyl) and a silyl group (preferably having 
from 3 to 40 carbon atoms, more preferably frcaa 3 to 30 
carbon atoms, still more preferably from 3 to 24 carbon 
atoms, e.g., trimethylsilyl , triphenylsilyl) . These 
substituents each may be further substituted. When two or 
more substituents are present, these may be the same or 
different and if possible, these substituents may combine 
with each other to fo*m a ring. Also, a plurality of 
betaine structures may be contained through Ri«, R^^, Rjb or 
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In the betaine contpound for use in the present: 
invention, at least one of Rib to R3B and L contains a group 
having 8 or more aarbon atoms, m particular, Rm, Ras or 
R3B pref«ral>Xy contains a long-chain alJcyl group. 
Formula (6) : 

(R) pi-N- [l- (COOM*) ,3 
wherein R, L,-. q have the same meanings -as in formula (1), 
pi reprttsents an integer o£ 0 to 3 (preferably 2 or less) 
rl represents an integer of 1 to 3 {preferably Z or less) , 
is an alkali metal cation or a hydrogen atom, provided 
that pl+rl is 3, and when pi is 2 or more, Rs- may be the 
dame, or different: ........ . . . . 

. Pomulae (1) and {€) are described below. .> r . . 
In the formulae, R represents a . hydrogen «tom, , an 
alkyl group (which may be substituted; preferably an alkyl 
group having from 1 to 20 carbon atoms, e.g., methyl, ethyl, 
propyl, butyl, hexyl, octyl, dodecyl, eetyl, stearyl, 
oloyl) , an aryl group (which may be substituted; preferably 
an aryl group having from 6 to 20 caxbon atoms, e.g., 
phenyl, tolyl, xylyl, naphthyl, cumyl, dodecylphenyl) or a 
heterocyclic group (which may be substituted; preferably a 
heterocyclic group having from 2 to 20 carbon atoms, e.g., 
pyrldyl, quinolyl) and Ra may combine with each other to 
form a cyclic structure, R is preferably an alkyl group. 



13 



L represents a divalent or greater valent linking 
group. I. is preferably a divalent or greater valent 
linking group containing an alkylene grotip or an arylene 
group as a fundamental oonatitution unit. In the linking 
main chain part, a hct«roatom such as oxygen atom, sulfur 
atom and nitrogen atom may be contained. 

R and I. each may be substituted by various 
substituents.. Examples . of the substituent - include an alkyl 
group (preferably having from 1 to 20 carbon atoms, more 
preferably from 1 to 12 carbon atoms, stili more preferably 
from 1 to 8 carbon atoms, e . g methyl , ethyl , . iao-ptopyl , 
tert^-bvtyl, n-octyl; n-decyl, n-hexadecyl, cyclopropyl, 
cyclopentyl, cyclohexyl) , analkenyl group (preferably, 
having from 2 to 20 • carbon atoms , more preferably from 2 ta- V 
12 carbon atoms, still. moie. preferably from 2 to .8 carbon 
atoms, e.g., vinyl, allyl, 2-butenyl, 3-pentenyl> , an 
alkynyl group (preferably having from 2 to 20 carbon atoms, 
more preferably from 2 to 12 carbon atoms, still more 
preferably from 2 to 8 carbon atoms, e.g., propargyl, 3- 
pentynyl) , an aryl group (preferably having from 6 to 30 
carbon atoms, more preferably from 6 to 20 carbon atoms, 
still more preferably from 6 to 12 carbon atoms, e.g., 
phenyl, p-methylphenyl , naphthyl) , an amino g,ro«p 
(preferably having from 0 to 20 carbon atoms, more 
preferably from 0 to 12 carbon atoms, still more preferably 
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from 0 to 6 carbon atoms, e.g., amino, luethylamino, 
dimethylamino , di.ethylanu.no, diphenylamino , dibonzylamino) , 
an alkoxy group (preferably having from 1 to 20 carbon 
atoms, more preferably from 1 to 12 carbon atoms, still 
more preferably from 1 to 8 carbon atoms, e.g., methoxy, 
ethoxy, butoxyj, an aryloaty group (preferably having from $ 
to 20 carbon atoms, more preferably from 6 to 16 carbon 
atoms , still more preferably from ft- to 12 carbon atoms >• 
e.g., phenyloxy, 2-naphthyloxy) , an acyl group (preferably 
having from 1 to 20 carbon atoms, more preferably from i to 
16 carbon atoms, still more preferably from 1 to 12 carbon 
atoms, .:e;g., acetyl, benzoyl, fonayl, piValoyH,/ an 
alkoxycarbonyl gronp (preferably having from 2 tci 20 -carbon 
atoms, more preferably from 2 to 16 oarbon atoms^>.- ^atill• 
.more preferably from 2 to . 12 carbon -atoms/- = «*.g.., 
methoxycarbonyl, ethoxycarbonyl) , an aryloxycarbonyl- gronp 
(preferably having from 7 to 20 carbon atoms, more 
preferably from 7 to 16 carbon atoms, still more preferably 
from 7 to 10 carbon atoms, e.g., phenyloxycarbonyl) , an 
acyloxy gronp (preferably having from 2 to 20 carbon atoms, 
more preferably from 2 to 16 carbon atoms, still more 
preferably from 2 to 10 carbon atoms, e.g., acetoxy, 
benzoyloxy) , an acylamino groi^ (preferably having from 2 
to 20 oarbon atoms, more preferably from 2 to 16 carbon 
atoms, still more preferably from 2 to 10 carbon atoms. 
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e.g., acefcylamino, benzoylamino) , an alkoxycarbonylamino 
group (preferably having from 2 to 20 carbon atoms, more 
preferably from 2 to 16 carbon atoms, still more preferably 
from 2 to 12 carbon atoms, e.g., methoxycarbonylamino) , an 
5 aryloxycarbonylamino group (preferably having from 7 to 20 
carbon atoms, more preferably from 7 to 16 carbon atoms, 
still more preferably frewi 7 to 12 carbon at«Mi»s, e.g., 
phexQfloxycarbonylaaiino) ; a solfonylamino group (preferably 
having from 1 to 20 carbon atoms, more preferably from 1 to 
10 16 carbon atoms, still more prefersibly from 1 to 12 carbon 
atoms, e.g., methylsulfonylamino, phenylsulfonylamino) ,. a 
sulfamoyl group (preferably having from 0 to. 20 carbon 
atoms, more, preferably from 0 vto 16 carbon atoms, still 
more preferably from 0 to 12 carbon atoms, o.^,.,: sulfamoyl/ 
15 methyl sulfamoyl, dimethylsulf amoyl , phenyl sulfamoyl ) , a 
carbamoyl group (preferably having from 1 to 20 carbon 
atoms, more preferably from 1 to 16 carbon atoms, still 
more preferably from 1 to 12 carbon atoms, e.g., carbamoyl, 
mothylaarbamoyl, diethylearbamoyl , pbeaylcarbamoyl) , an 
20 alkylthio group (preferably having from I to 20 carbon 
atoms, more preferably from 1 to 16 carbon atoms, still 
more preferably from 1 to 12 carbon atoms, e.g., methyl thio, 
ethylthio) , an aryltbio group (preferably having from 6 to 
20 carbon atoms, more preferably from 6 to 16 carbon atoms, 
25 still more preferably from 6 to 12 carbon atoms, e.g., 
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phenylthio) , a sulfonyl group (preferably having from 1 to 
20 carbon atoms, more preferably from 1 to 16 carbon atoms, 
still more preferably from 1 to 12 carbon atcans, e.g., 
mesyl, tosyl) , a aulfinyl group (preferably having from X 
to 20 carbon atoms, more preferably from 1 to 16 oaxbon 
atoms, still more preferably from 1 to 12 carbon atoms, 
e.g., methylsTilfinyl, phenylsulf inyl) , a ureido group 
(preferably having from 1 to 20 carbon atoms > more 
preferably from 1 to 16 carbon atoms, still more preferably 
from 1 to 12 carbon atoms, e.g., ureido, matbylureido , 
phenylureido) , a . phosphoric acid amide group (preferably 
having f rom .1 -to 20 carbon atoms, more preferably "from 1 to - 
16 carbon atoms,., still more preferably from 1. to IZ- carbotf 
atoms, e.9r. , diethylphosphoric acid amide, phdaylpb6sphoi:i-<s.-. 
acid amide) a hydroxy group, a mercapto group; « =halog««- 
atom (e.g., fluorine, chlorine, bromine, iodine) , a cyaao 
group, a sulfo group, a carboxyl group, a nitro group, a 
hydroxaaic acid group, a sulfino group, a hydrazine group, 
an imino group, a heterocyclic group (preferably having 
from 1 to 30 carbon atome, more preferably from 1 to 12 
carbon atoms, and containing, for example, a nitrogen atom, 
an oxygen atom or a sulfur atom as the heteroatom, e.g., 
imidazolyl, pyridyl, quinolyl, furyl, thienyl, piperidyl, 
morpholino, benaoxaaolyl , benzimidaaolyl , benzothiaaolyl, 
«3*«baaolyl, aaepinyl) and a ailyl group (preferably having 
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from 3 to 40 carbon atoias, more preferably from 3 to 30 
carbon atoms, still more preferably from 3 to 24 carbon 
atoms, e.g., trimethylsilyl, triphenylailyl) . These 
substituents each may be further substituted. When two or 
more substxtuents are present, these may be the aam« or 
different and if possible, these aubstituents may combine 
with each other to form a ring. Also, a pl^irality of 
bataine structures may be contained through R or 1.. 

M represents a hydrogen atom, an alkali metal cation 
(e.g., sodium ion, potassium ion, lithium ion, oaaium ion), 
an ammonium ion or an aminie -organic cation (in the case of 
a primary, secondary or tertiary amine, this is a 
protonated .amine, for exai.5>le, -protonated methylamine, 
dimethy lamina, ethylamino, diethy lamina, triathylamine , • 
diazabxcyoloundeceae> diazabioyclooctana , piperidine, 
pyrrolidine, morpholine, N-methylpiperidine, N-methyl 
morpholine, pyridine, pyrazine, aniline or N,N-dimethyl- 
anlline; in the case of a quaternary ammonium salt, this is, 
for example, tetramethylaamonium ion, tetraethylanmoniua 
ion, trimethylbeazylammonxum ion, methylpyrldinium ion or 
benzylpyridinium ion) . M is preferably an alkali metal ion 
or a hydrogen atom. 

q represents an integer of 1 or more (preferably S or 
lass, mor« preferably 2 ox less), r represents an integer 
of 1 to 4 (preferably 1 or 2) , p represents an integer of 0 
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to 4 preferably 1 or 2) , and p+r is 3 or 4 . When p+r is 4 
the H atom becomes a cpaaternary amiQonium atom and one of Ms 
becomes an anion in the dissociated state. When m is 2 or 
more, Ls may be the same or different. When r is 2 or more 
L-{COQM),s aiay be the sanie or different. When p is 2 or 
more, Rs may be the same or different. 

Furthermore, R or X. preferably contains a hydrocarbon 
group having 8 . or more carbon atoms, . ashe betaine compound 
is most preferably a oompound represented by the following 
formula (7) : 
Formula. (7) : .. 

. R-N-.(I.-C.OOM^)2 . . . , 

wherein R, ..L. and-.M^ bave the same meanings as in formula" 
<6). Two (I.>cOQM^.)o may bo the same or differebt.:.(two- •: 
or two MS may be :the same or different). R is preferably . 
an alkyl group and I. is preferably an alkylene group. 

Preferred examples of the betaine compoW are set 
forth below, however, the present invention is of course 
not limited thereto. 
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CHa 

CizHzs-N-CHzCOO® 
CH3 



C10H21-N-CH2COO' 

CHa 



9H3 



C,4H29-N-CH2COO 
CH3 



CH3 

C,6H33®N-CH2COO^ 
CH3 



CH3 

C,8H37-N-CH2COO^ 
CH3 



9H3 

C15H31-N-CH2COO® 
CH. 
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X1-7 



XI -8 



X1-9 



XMO 



X1-11 



Xl.12 



C12H25-N-CH2COO® 
^12^25 



<^N— CH2CH2COO® 



<|^N-^CH2CH2COO^ 



/C18H37 



O N-^CHaCHgCOO® 



O N— CHaCHgCOO® 
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H3C— N-CHCOO ® 
CH3 

C4H9 C8H17 
C4H9-^N-CHCOO ® 
C4H9 

C4H9 C^oHgi 
C.Ho-^-CHCOO ® 

4 !> J 

C4H9 

C4H9 C,4H29 

C.Ho-^N-CHCOO ® 

* ' I 

C4H9 
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XM7 



X1-18 



XM9 



X1-20 



X1-21 



xi-a2 



(n)Ci2H25^@ J 
N 

(n)Ci4H29— J 

(n)C,6H33~<eJ 
HOCH2CH2-g 



(n)Ci8H37-<oJ 



(n)C6H,3-N-CH2COO^ 



(n)CsH,7-N-CH2COO® 

Xl-23 CHa COO® 

H3C-N-CH 

CH3 C,oH2i 



Xl'24 CH3 poO^ 

H3C-N-CH 

CH3 C,4H29 
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X1-25 



X1'26 



XI -27 



X1-28 



X1-2d 



X1-30 



X1-31 



Xl-32 



CHa poo® 
HjC-N-CH 

CH3 C16H33 



9H3 

C7H,5CONHC3H6®N-CH2COO® 

CH3 



CH3 

CgH^CONHCaHe-^-CHgCOO' 

CH3 



C11H23CONHC3H6-N-CH2COO® 

CH3 



CH3 

C^Hg^CONHCaHe-N-CHzCOO® 



CH 



3 



CHa 



C^sHsiCONHCgHe-N-CHzCOO^ 

CH3 



CH 

CtTHasCONHCgHe-N-CHzCOO 

CH 



CH3 

C„H3,CONHC3H6®N-CH2COO® 

CH, 
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Xl-33 



Xl-34 



(n)CieH33-N-CH2CH-CH2S0| 
CH3 OH 



9H3 

(n)Ci8H37~^f-CH29H-CH2S0| 
CH3 OH 
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12 26 ''"-CHaCOOH 



12 25 "-CHzCOONa 



12 25 '^-CHgCHgCHgCOOH 



X2>9 (n)C8Hi, 

J^N-CHaCOOH 
(n)CaH„ 



X2-10 



X2-12 



X2.14 



^N-CHgCOOH 
(n)C,2H25 



X211 CHj^ 



N-CH2COOH 

(n)Ci4H29 



N-CH2COOH 

(n)Ci8H^ 



X2-13 iPY'^^^^""^^ 
^N*^COOH 



a: 



XOOC,2H25 

^COOH 



^ NHSO2C12H25 
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X2-16 



X2-17 



X2^18 



X2-19 




COOH 

r 

8" 17 



COOH 

r 

a" 17 



C«H / 



8"lt 

^ COOH 

r 

8"17 



C«H / 
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X2-20 



HOOCHgC^ ^CHgCOOH 
X2-21 NaOOCHzC^ ^CHgCOONa 



X2-22 NaOOCHaC^ ^CHgCOONa 



X2-23 NaOOCHgC^ ^CHzCOONa 



X2-24 KOOCHgC^ ^CHjCOOK 



X2-25 ^ ^CHgCOOK 

CigHgaOOCHzC N-^cHaCOOH 



X2-26 ^CHgCOOK 



X2-27 ^CHsCOONa 

C12H25OOCH2C— N^^^ ^^^^ 
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The betaine compound may be added in any amount as 
long as the effect of the present invention is provided, 
hovever, the axnount added is preferably from O.OOl to So 
ina8s% (weight%), more preferably from O.Ol to 20 mass%, in 
5 the ink composition. 

The nonionic surfactant is described below. 
The nonionic surfactant means a surfactant containing 
no ionic group as the polar group. The water-solubilizing 
group contained in this surfactant is generally a polyether 
0 group. The surfactant in general has a polyoxyethylene 
group and alkyl or aryl ether derivatives thereof are 
generally used. 

In particular, thei compounds represented by formulae 
<2) to (4) ar« preferred. ... . .. 

> The compounds represented by .the following- formulae 

<2) and (3) are described in detail below. 
Formula (2) : 

RaiO-f-CHjCHpH^H 
m 

In formula (2) , ^ represents an alkyl group having 
from 5 to 40 carbon atoms, preferably from 8 to 18 carbon 
atoms, which may be linear or branched and may be 
substituted. Examples of the group which can be 
substituted to the alkyl group r^resented by R,, include 
an aryl group {e.g., phenyl, o-tolyl, p-tolyl, p-tert- 
butylphenyl) , an alkoxy group (e.g., methoxy, etho«y, „- 
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butoxy) and a halogen atom (e.g., chlorine, bromine). 

Specific examples of the alkyl group represented by 
Rai include n-pantyl, n-heatyl, n-octyl, n-decyl, n-dodecyl, 
n-p©ntad«oyl, n-oetadecyl, 2-ethylhexyl, 1-ethylpentyl, 1- 
n-butylpentyl, l-n-pentylhexyl, 1-n-hexylheptyl , l^n- 
heptyloctyl, 1-n-octylnonyl , 6-methoxyhexyl and 2- 
phenylethyl . 

represents an average addition molar nxanber of 
ethylene oxide and is a nwnber of 2 to 40, preferably from 
3 to 30, more preferably from 3 to 20. 

Among the compounds r^resented by formula (2) of the 
present invention, preferred is a coi.5»ound represented by 
the following formula <2-t1) : 
Formula (2-1) ; 

CHO-fCHgCHgO} H 

wherein R23 and R24 each is a saturated hydrocarbon having 
from 4 to 10 carbon atoms, the total nvaOomx; of carbons in 
Ras and R24 is from 8 to 18, and m" is from 3 to 20. 
Examples of the saturated hydrocarbon having from 4 to 10 
carbon atoms represented by R23 and Rj^ include n-butyl, i- 
butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, 
n-nonyl and n-deoyl. The total nu«ber of carbons in Ru and 
R« is from 8 to 18, preferably from 8 to 16, and m" is 
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from 3 to 20, preferably from 5 to 20, more preferably from 
6 to 18. 

Specific exaa^les of the coa^und represented by 
formula (2) are set forth below, how«v«r, the present 
5 invention is not limited thereto. 



32 



Specific Examples of Formula {2) : 



WM,2 



(n) Ca H 1 7O -( CHgCHaO]!^ H 



W1-1 : ni>=5 
W1-2 : in'=:10 



(n)C,oH2,0 CHaCHaOjj- H 



W1-3 : m'=10 
»1-4 ; ro'=15 



(n)Ci2H250 -( CHgCHaOlj^ — H 



Wl-5 : n»'=10 
W1-6 : ni' = 15 
W1-7 : la^ =20 



W1-8 



W1-9 



W1-10.11 



(n)Ci 4H26O -( CHaCHfiOj^ H 
(n)Ci6H330-{CH2CH20j[g— H 



WMO ; in'=12 
Wl-11 : in'=25 



W1-12 



C,eH87O-(CH«CH20^H 
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Specific exawcples of the compound represented by 
formula (2-1) are set forth below, however, the present 
invention is not limited thereto: 



5 [Table 1] 



Specific Exanqjles of Compound Represented by Formula (2-1) 



NO. 






HI 


W1--13 




(n) C4H9 


3 


Wl-14 




(i)C4H9 


5 


Wl-15 




(i)C4H9 


9.5 


m-x6 




(i>QH» 


11.4 




(n) C5H11 


(n) C5H11 


8 


Wl-18 


(n>CsHii 


<n> CsHix 


10 


Wt —TO 


(n) C5H11 


(n) CgHjx 


11-4 


Wl-20 




(n) C5H11 


13 .5 








IS 


Wl-22 


(a) CeHia 


(n}C6Ha3 


10 


wi«23 


r <n)C6Hi3 


(n) C^Hia 


13. e 


Wl-24 




(n)C6Ha3 


15.8 


W1-2S 


(n)C6Hi3 


(n)C7H25 


16 


Wl-26 


(n)C7His 


(n)C7His 


15 


Wl-27 


(n) C7H15 


(n)C7Hi5 


16.5 


Wl-28 




in) C8H17 


14 


WX-29 






17.6 


Wl-30 


(n) CftHx^ 


(n)CioH2i 


20 



'J?he ooinpound represented by formula (3) is described 

below . 
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Formula (3) : 



R22COO-f CHjCHjOH-H 
m 



In fornmla (3) , Rja repxasants an alkyl group having 
farom 5 to 40 carbon atoms, preferably from 5 to 30 carbon 
atoms, which may be linear or branched and may be 
substituted. Examples of the gronp which can be 
substituted to the alkyl group represented by - R„ include 
«fl aryl group (e.g., phenyl, o-tolyl, p-tolyl> p-tert- 
butylphenyl) , an alkoxy group (e.g., methoxy, ethoxy, n~ 
butoxy) and a halogen atom (e.g.,. chlorine, bromine) , 
Specific exan^les of the alkyl group represented by R^^ 
include n-pentyl, n-hexyl, n-octyl, «-decyl , , n-dodecyl , n- 
pentadeoyl, n^octadeoyl, 2-ethylhexyl, 1-ethylpeatyl, 1-n^ 
butylheptyl, 1-n-hexylnonyl, l~n-heptyldeoyl, i-n~ 
octyldodecyl, 1-n-decyltetradecyl, 6-methoxyhexyl and 2- 
phenylethyl . 

represents an average addition molar nuatoer of 
ethylene oxide and ie a nuniber of 2 to 40, preferably from 
3 to 30, more preferably from 4 to 20. 

Among the confounds represented by formula (3) of the 
present invention, preferred is a confound represented by 
the following formula (3-1) : 



35 



Formula <3-l) : 



^25 



In formula (3-1), H^g and Has each is a satwated 
hydrocarbon group having from 2 to 20 carbon atoms, 
preferably from 4 to 13 carbon atoms; Examples of the 
saturated hydrocarbon group having from 2 to 20 carbon 
atoms represented by Ras and Rgg include ethyl, n-butyl, i~ 
butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl, 2-ethylhexyl, 
n-nonyl, n~decyl , n-dodecyl , n-bexadeeyl and n-octadecyl. 
m** representa.an average addition molar number of ethylene 
oxide and is a number of - 2 to 40, preferably from 3 to. 30.; 

Specific exainpies of the oonqpound represented by 
formula (3) are set forth below, however, the present 
invention is not limited thereto. 
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Specific Exan^les of formula <3) : 

W2-l,2 

(n)C7H,5C00 -(cHgCHaO^jj— H 

W2-1 ; ra2=10 
W2-2 : id2=15 

W2'3~5 

(n) Ci 1 H23COO -{ CHaCHaOl^ H 

W2-3 : fl,2=lo 
W2-4 : iij^=l5 
W2-5 : in«=20 

, W2-6'-7 

(n)CigH27C00-(cH2CH2O]|^H 

' W2-6 : ra2=lo 

W2-7 : ni«=ri5 

W2-'8,9 

(n)C,5H3,COO-(cH2CH20]j^H 

W2-8 : m«=10 
W2-9 : m^=15 

W2-10 

^irHaiCOO-f CHjCHgO^— H 

W2-11 

C17H33COO -( CHaCH^O^^H 

W2-12 

CiyHggCOO-fCHaCHjOj^H 
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iSpecific exawples of the compound represented by 
formula (3-1) are set forth below, however, the present 
invention is not limited thereto. 

(Table Z} 













C2H5 




3 




C2H5 




5 


W2-1S 






d.S 






C8H17 


5 


W2-17 


C6H13 


C8H17 


8 


W2-18 




CsHi? 


10 








11.4 


W2-20 






12.5 






U$lix7 


IS . . 


W2-22 






25 


W2-.23 






14 


W2-24 


C7H15 




15 


W2-25 


C7H1S 




20 


W2-26 


C7H13 




25 


W2-27 


CeHi7 


C10H21 


30 


W2'-28 




C12H2S 


20 


^-29 






25 


W2-30 




C13H27 


20 


W2-31 


C10H21 


C313H27 


25 


W2-32 




C13H27 


40 



The eo«pounds represented by formulae (2) and (3) of 



38 



the present invention can be synthesized by a known method, 
for example, the method described in Takehifco Fujimoto, 
Shin Kaimenn Kasse xzai Mynmon Wew Gnide to Surfactants) . 
thoroughly revised, pp. 94-107 (1992). m the present 
invention, only one of the compounds represented by 
formulae (2) and (3) may be used or two or more different 
confounds may be used. 

IThe surfactant r^resented by formula (4) is 
described below. 

A surfactant is used for adjusting tha. liquid 
property of ink to enhance the ejection stability of inJc 
and by this adjustment, an ink composition capable of 
providing an image ensured with enhancement of water 
resistance and preventing the printed ink from blurring can:- 
be obtained. By incorporating the surfactant x^r^sented- 
by formula (4) of the present invention, the ink 
composition can be additionally favored with less bubbling 
and reduction in corrosion of the head or member due to an 
organic solvent. 
Formula (4) ; 

^32 

R31 — 9 — c=c— X 



m 



In formula (4), Rsj and ^^oh independently 
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represents an alkyl group having from 1 to 18 carbon atoms. 

More specifically, and R32 each represents an 

alkyl group having from 1 to 18 carbon atoms (e.g., methyl, 
ethyl, n-propyl, butyl, hexyl, ootyl, decyl, dodecyl) , 
5 which may be aiibstituted. Exait^les of the fflubatituent 
include an alkyl group (e.g., methyl, ethyl isopropyl) , an 
alkoxy group (e.g., methoxy, ethoxy) and a halogen atom 
(e.g., chlorine, brcnnine) . Rji and R36 each is preferably 
an ansubstituted linear or branched alJcyl group having from 
10 1 to 12 carbon atoms. Specific examples thereof include 
methyl, ethyl, n-butyl, 2-methylbutyl and 2 ,4-dimethyl- 
• pentyl . • 

R32 represents a hydrogen atom, an alkyl group having 
from 1 to 6 carbon atoms or a. phenyl group. The alJcyl 
15 group and the phenyl group each may be substituted. 

Examples of the substituent of the alkyl gxoup 
represented by R33 include an alkyl group (e.g. , methyl, 
ethyl, isopropyl), an alkoxy group (e.g., methoxy, ethoxy) 
and a phenyl group. Examples of the substituent of the 
20 phenyl group represented by R« include an alkyl group 
(e.g., methyl, ethyl, Isopropyl), an alkoxy group (e.g., 
loethoxy, ethoxy) and a halogen atom (e.g., fluorine, 
chlorine, bromine) . R33 is preferably e hydrogen atom or an 
alkyX group having from 1 to 4 carbon atoms, more 
25 preferably a hydrogen atom. 
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X represents a hydrogen ai^cm or 
J 34 

0-(-CHjCH20i^R3g 
m 



and R3. and each independently represents an aXkyl group 
5 having from 1 to 18 carbon atoms. Preferred substituents 
and specific exaa^lea of and Rj^ • are the s«bstxtuents 

and specific examples selected from the same group 
and Ra2. R3« represents a hydrogen atom, an alkyl group 
having from 1 to 6 carbon atoms or a phenyl group. 
10 Preferred substituents and specific examples thereof are 
substituents and specific examples selected from the sa«^ 
.group aa -Rsa.: . _ . 

and m- each represents an averjige addition aibXar 
number of ethylene oxide and mW is from 0 to 100, 

15 preferably from 0 to 50, more preferably from 0 to 40. 

When m'' is 0, R33 represents a hydrogen atom and when 
m* is 0, Ras represents a hydrogen atom. Also, when X 
represents a hydrogen atom, m^ ropresent^ a niauber of 1 to 
100, preferably from 1 to 50, more preferably from 1 to 40. 

20 specific examples of the compound r^resented by 

formula (4) are set forth below, however, the present 
invention is not limited thereto. 
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Specific Examples of Conrpound of Formula (4) : 



W4-1 



W4-2~6 



W4-9, 10 



CH3 CH3 CH3 CH3 

CH3CHCH2C -CSC- CCH2CH - CH3 
OH OH 
CH3 CHa CH3 CH3 

CHaCHCHaC-C^C-CCHzCH-CHg 

0-(CH2CH20);;;^H 

0'-(CH2CH20};j3-H 

W4-2 : in'+jn«=i,3 
W4-3 : ta'nf=3.5 
W4-4 : in'+ni2=io 
W4-5 : si'm'-ZO 

m~6 



CH3 
CHaC-CSCH 

O-fCHaCHzOj^-H 



W5-7 
W5-8 



9H3 CH3 
I I 
C2H5-C-C=C-C — C2H5 

0-(CH2CH20);^H 

W4-f0 : in'+ffl^=io 
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W4-11 



W4-12 



CH3-C-CSC-C— CHa 
OH OH 



CH3 

CHg-C-CSC- 
OH 



-C-CHa 
©-(cHaCHgO' 



III' 



H 



W4-13,14 

CHs 
CHg-CHCHa" 



CH3 

C— CSCH 



W4-13 : ro'=::5 
W4-14 : in'=10 



W4-15,16 

CH3 CH3 CH3 CH3 CH3 CH3 

CHaCHCH^CHCHgC-CSC-CCHaCHCHaCHCHa 

0-fCHaCH20);;;g-H 
0-{CH;,CH20);;;r-H 



W4-15 : m'+wi2=8 
W4-16 : m'+in2=20 
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W4-17,18 



I I 

CH3CHCH2CC=CH 



O-fCHaCHaOl-r-H 

W4-17 : in'=5 
W4-18 : m'=10 



H9 



CHa CHa 

CH3-C CSC-C— CHg 

I I 
OCHgCHaOH OH 



W4-20 



CHa C2H5 
1 I 
HG-C^C-CH 

O-fCHgCHaOH-H 
O-^CHaCHgOjjjTj— H 

in^+m«-2 
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The compound represented by formnla (4) of the 
present invention can be easily available as a coamercial 
product and specific exaa5>les thereof include Surfyaol SI, 
82, 104, 420, 440, 465, 485, 504, CT-111, CT-121, CT-131 , 
5 CT-13S, CT-141, CT-151, CT-171, CT-324, DF-S?, DF-58, DF-75, 
DF-llOD, DF-210, GA, OP-340, PSA-204, PSA-216, PSA-336, SB, 
SE-F, Dynol 604 (produced by Nissin Chemical Industry Co. , 
Ltd. and Air Products), Olfine A, B, AK-02, CT-lSlw, E1004> 
ElOlO, P, SPC, STO, Y and 32W (produced by Miasin Chemical 
10 Industry Co., Ltd.). 

The eoBipound represented by formula (4) of the 
present invention can be synthesized by a known method, for 
example, the method described in , Takehiko :F«jimoto, 
Shin-Kaimean Kaaseizai Wvumo n (New Snide to Surfa«t»»<.ov 
15 thoroughly revised, pp. 94-107 (1992). ■ Xn the present 
invention, only one of the compounds represented by formula 
(4) may be used or two or more different compounds may be 
used. 

The nonionic surfactant can added in an aaotint 
over a wide range, but the amount added is preferably from 
0.001 to 50 mass%. more preferably from 0.01 to 20 mass%, 
in the ink con^osition. 

The ink for use in the inkjet ink set of the present 
invention is an ink obtained by dissolving or dispersing a 
25 dye in water and a water-soluble organic solvent. in 
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particnlar, an aqueous solution-type ink using a water- 
soluble dye is preferred. In the ink set, the ink having 
the betaiae compound and the nonionic surfactant may have 
any color. 

When the betaine compound of the present invention is 
used, a bubble is sometimes generated in the ink. This 
bubble gives rise to the printing defect at the Inkjet 
Je*Cording. -This problem can be overcome: by adding a 
confound having an action of eliwinating bubbles (defoaming 
agent) to the ink. 

Various defoaming agents such as pluronic defoaming 
agent (polyoxyethylene-polyojcypropylene type" defoaming 
agent) and silicone-type defoaming agent can be used? - 

The ink for use in the ink set of the ^^resent 
invention is an ink obtained by dissolving or dispersing « 
dye in water and a water-soluble organic solvent. In 
particular, an aqueous solution-type ink using a water- 
soluble dye is preferred. In the ink set, the ink having 
the betain« compound and the nonionic surfactant may have 
any color. 

As for the water-soluble .j^e, dyes such as magenta 
dyes described in JP-A-2002-371214 (the term "JP-A" as used 
herein means an "unexamined published Japanese patent 
application"), and phthalocyanina dyes described in 
international Publication »os. 02/060994 and 03/062324 are 
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preferably used. Preferred cyanine dye, magenta dye, 
yellow dye and blade dye are described in detail below. 

The present inventors have a,ade intensive 
investigations on the ink jet recording ink and found that 
5 the properties required of the dye are 1) to give a good 
color hue and be free of change in the color hue (solvate) , 
2) to exhibit excellent fastness (to light, ozone, HOx, 
solvent, oil and water). 3) to be saf e ■ (not carcinogenic by 
AMES, not irritating to skin and easily degradable) , 4) to 
10 be inexpensive, 5) to have high e, 6) to be highly soluble, 
and 7) to have strong fixing property to media. 

The properties recjuired of the ink and cone, ink are 

1) to be uniform irrespective of the temperature and aging, 

2) to .be less contaminated, 3) to exhibit good .per«eatlott 
15 to media, 4) to be uniform-in the hitting siae, 5) to be 

usable for all types of paper, 6) to be easily prepared, 7) 
to ensure no ejection error, less bubbling and facilitated 
defoamlng, and 8) to be stably ejected. 

The properties required of the inage is i) to be 
20 clear without blurring, discoloration «id beading, 2, to 
have scratch resistance, 3) to have high and uniform gloss, 
4) to have good image preservability and excellent balance 
in color fading, 5) to be quickly dried, 6) to be printed 
at a high speed, and 7) to have no image density dependency 
25 in the color fading ratio. 
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The properties re«3uixed of the Inkjet recording ink 
is to be excellent in both light fastness and ozone 
resistance and small In the change o£ color hue and surface 
state (less generation of bronze and less precipitation of 
<^e). With eespect to the light fastness (ODl.O), the 
light fastness without UV filter on Epson EM Photographic 
Iiaage-Receiying Paper by Xe of 87,000 Ix (cd sr/m^'] is 
preferably-.dO%-or more in terms of the residual color- ratio 
for 3 days. Al«o, the dye residual ratio for 14 days is 
preferably 85% or more. with respect to the ozone 
resistance, the ozone resistance (ODl.O) . under the 
condition of S . ppm or less of ozone is preferably ^60% or 
more, more. . prof erably 70% or more, still more pxeferably 
eo% or raorfii, in terms of the dye residual ratio for • one. day.; 
Also, the.«^e residual. ratio for 5 days is preferably 25% 
or more, more preferably 40% or more, still more preferably 
S0% or more. Samples varied in the amount of the <^e 
coated are prepared by GTC and the amount of Cu element 
contained in the dye is measured by a fluorescent X ray. 

The Cu ion becomes detached to tend to leave from an 
print, as a result of decomposition of a phthalocyanine dye. 
The amount of the salt present in an actual print is 
preferably 10 mg/m' or less in terms of Cu ion. The amount 
of Cu f loved out from the print is determined by forming an 
entire cyan solid image having a phthalate amount of 20 
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mg/a^ <Sr less ±« terms of Cu ion, color-fading this i,„age 
with ozone and analyzing the amount of ion flowed out into 
water. incidentally, all Cu con^unds are trapped by the 
imaga-reeoiving material before the color fading. The 
amount of ion flowed out into water is preferably 20% or 
less of all dyes. 

Conventional phthalocyanine dyes used for the inkjot 
ink are derived - £r«m an tinsubstituted • phthalocyanine- 
through sttlfonation and these are a mixture which cannot be 
specified in the numb«r and positions of substitueats . On 
the othe. hand, the dye for use. in the inkjet recording ink 
. of the present invention is a phthalocyanine dye which can 

be specified , in . the number and. positi.,ns of substituents. . . 
• The first structural feature is that the dye is a- water-: 
IS soluble phthalocyanine <^e obtained by not passing through 
sulfonation of an unsubstituted phthalocyanine. The second 
structural feature is that the dye has an electoron- 
Withdrawing group at the P-poaition of a benzene ring of 
phthalocyanine, preferably at the p-position of all benzene 
20 rings. Specifically, „sef«l dyes are those where a 
sulfonyl group is substituted (see, JP-A-2002-249677 and 
Japanese Patent Application No. 2001-190214), a sulfamoyl 
group in general is substituted (see, Japanese Patent 
Application No. 2001-243S2 and JP-A-2003-3109) , a 
25 heterocyclic sulfamoyl group is substituted (see, JP-A- 



49 



0 



2002- 294097 and a^-A-2003-3086) , a heterocyclic suifonyl 
group is substituted (see, JP-A~2002-27S386 and JP-A-2003- 
3099) , a specific sulfamoyl group is substituted (see, JP- 
A-2002-256167) , a carbonyl group is substituted (see, jp-a- 

2003- 213153), or a specific substituent for enhancing the 

solubility or ink stability or preventing the bron.e 

Phenomenon, such as substituent having an asyxametric carf>on 

■- (see, a5-A-2003-213168) .or Li salt (see, .CrP-A-2003-213167) . ^ 
is substituted. 

The first physical feature of the dye for use m the 
xnkjet recording ink of the present invention is to h^v^ a 
high oxidation, potential. The oxidation . potential -is 
preferably.nobler than 1.00 V, „ore preferably nobler th^- - 
1.1 V, and most preferably nobler than LIS-V.- The second- 
physical feature is to have a 3trong aggregation property , 
specif ieally, the dye having this property includes those 
where the aggregation of oil-soluble dyes is specified (see, 
^.A-2001-342373) or the aggregation of water-soluble dyes 
iff apecifiad OTP-A-2002-3091X8) . 

Preferred «abod«nents of the ink of th« present 

inven-tion are: 

1) a cyan ink where the light fastness without OV 
filter on Epson m Photographic Iznage-Receiving Paper by Xe 
Of 87,000 IX led .r/«»] i, 90% or «ore i„ terms of the 
residual color ratio for 3 days; 
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2) a cyan ink where after storage in an ozone 
environment of 5 ppm for 24 hours, the monochromatic site 
printed by using a monochrome (cyan) ink to give a cyan 
reflection density of 0.9 to 1.1 in a Status A filter has a 
dye residual ratio (density after color fading/initial 
densityxlOO) of 60% (preferably 80%) or inore; 

3) a cyan ink where after ozone discoloration 
under the conditions of 2; the amount of Cu ion flowed out 
into water is 20% or less of all dyes; and 

4) a cyan ink having permeability «uch that the 
amount of ink permeated into a specific image-receiving 
paper is 30% or more of the upper portion of the image- 
receiving layer. 

The dye contained in the inkjet reoording ink of the •. 
present invention is a phthalocyanine dye, preferably a 
water-soluble dye having an oxidation potential nobler than 
1.0, more preferably a dye having 020ne gas fastness 
satisfying the above-described conditions, still more 
preferably a phthalocyanine dye represented by the 
following formula (CI) ; 
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(X2)a2 



In fotnmla (Cl) , X^, X^, X3 and X4 each independently 
represents -SO-Z,, : . ... -sOa-Zc, . • -SOaNRi^Ra, , ■ • a sulfo 
group, -CONRj^^ or -cOaRjo. Amonff these sutostituaritff/ 
preferred are -SO-Z^, SO^-Z^, -SOjNRiJR^^ and -CONRj^i^, more 
preferred are -SOa-Z^ and -SOaNRicRac , and most preferred is 
-SOa-2e. In the case where ai to a, showing the number of 
svOsatituents each x«presanta a nuinber of 2 or more, a 
plurality of aubstituents Xi, Xg, X, or X4 may be the same 
or different and each independently represents any one of 
the above-described groups. Xi, X^, X3 and X4 may be 
completely the same substituents, may be substituents of 
the same kind but partially different as in the case, for 
exanqple, where Xx, Xa, X3 and X, all are -so^-Ze and ZoS are 
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different from each other, or may include substituents 
different from each other, for ej«ax«3>le, -SOa-Ze and - 

The phthalocyanine dye t» a dye having fastness but 
this dye is known to be inferior in the fastneaa to ozone 
gas when used as a dye for ink jet recording. 

In the present invention, an electron-withdrawing 
group is preferably introduced into the phthalocyanine 
skeleton to render the oxidation potential nobler than l.o 
V (vs SCE) and thereby reduce the reactivity with ozone 
which is an electrophilic agent. a. nobler oxidation 
potential is more preferred and the oxidation potential is 
more preferably nobler than l.i v (vs sCE) . and «6st 
preferably nobler than 1.15 V <vs SCE). 

The oxidation potential value <aox) can be easily 
measured by one skilled in the art and the method therefor 
is described, for example, in P. Delahay, New Xr^^^^r,^^-, 
Methods in ElectrochemistrY- Interseience Publishers (1954) , 
A, J. Bard ot al., Electroohem lcal Mteithed« . John Wiley & 
sons (1980), and Akira Fu3ish««a et al., Denkikaaaku 
Sokutei HO (Electrochemical Measur i ng Methori^ . eihodo 
Shuppan Sha (1984) . 

More specifically, a test saii^jle is dissolved to a 
concentration of 1x10- to IxlO"* mol/liter in a solvent 
such as dimethylfo«ftamide or acetonitrile containing a 
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supporting electrolyte such as sodium perchlorate or 
tetrapropylammoaium perchlorate and the oxidation potential 
is measured as a value to SCB (saturated calomel electrode) 
by U9ing a cyclic voltammetry or the like. This value 
sometimes deviates on the order of tens of millivolt due to 
the effect of liquid junction potential, liquid resistance 
of sainple solution, or the like, however, the 
reproducibility of potential can be guaranteed by adding a 
standard aan^le (for example, hydroquinone) . 

in order to univocally specify the potential, in the 
present invention, the value (vs 5CE) measured in a 
dimethylformamide (concentration of dye: 0.001 mol dm"') 
containing 0.1 mol .tetrapropylammonium perchlorate 

a. the supporting electrolyte is used as the. oxidation. •. 
potential of the., dye. : . 

The Eox (oxidation, potential) value indicates the 
transferability of an electron from the sample to the 
electrode and as the value is larger (the oxidation 
potential is nobler), the electron is less transferable 
from the santple to the electrode, in other words, the 
oxidation less occurs. As for the relationship with the 
structure of compound, the oxidation potential becomes 
nobler when an electron -withdrawing group is introduced, 
and becomes baser when an electron-donating group is 
introduced. m the present invention, the oxidation 
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potential is preferably rendered nobler by introducing an 
electron-withdrawing group into the phthalocyanine skeleton 
BO as to reduce the reactivity with ozone which is an 
electrophilic agent. when the Haimnetfs substltuent 
5 constant op value a measure for the electron -withdrawing 
property or electron-donating property of substitt,e»t is 
used, the oxidation potential can be rendered nobler by 
introducing a substituent having a large op value, such as 
•ulfinyl group, aulfonyl group and aulfanjoyl group. 
10 Also for the purpose of suoh potential control, the 

phthalocyanine dye represented by formula (CI) i, 
preferably used. 

tChe lAthaloeyanine <^ . having the above-described, 
oxidation potential is apparently a cyahiae dyi,- excellent 
15 in both the light fastness and the • ozone resistance, 
because this dye satisfies those conditions for light 
£ast;nes8 and. ozone resistance. 

Mie Phthalocyanine dye (preferably the phthalocyanine 
dye represented by formula (CI)) for use in the present 
20 invention is described in detail below, 

tn foiBiula (CI), x„ Xa, X3 and X, each independently 
represents -So-Z., -so.-2„ -SO,NR.eR,,, ^ sulfo 
group, -CONR,,R2, or -CO.R... Among these substituents, 
preferred are -so-SSc, -SO,-2„, -SO^.^R,, and -COHRa«R.., more 
25 preferred are -BQ^-z, and -SOaNR,^,, and »ost preferred is 
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-SOa-z„. In the case where ai to showing the nujnber of 
substituents each represents a number of 2 or more, a 
plurality of substxtuents X,, X^, or X, may be the same 
or different an<I each independently represents any one of 
the above-described groups. x^, x,, X3 and X, may be 
co«pletely the same substituents, may be sttbstituents of 
the same kind but partially different as i„ the case, for 
example, where X„ X^, X, and X4 all are -SOa-Z^ -and Z,s are 
different from each other, or may include substituents 
differing from eaoh other, for example, -SOj-Zo and - 

Each Zc independently represents a substituted or 
unsubstitttted. alkyl group, a- substituted or unsubstituted 
cycloalkyl group, a substituted or unsubatituted'. alfcenyl 
group, a substituted or - unsubstitttted aralkyl group; • a 
substituted or unsubstituted aryl group, or a substituted 
or unsubstituted heterocyclic group, preferably a 
substituted or unsubstituted alkyl group, a substituted or 
unsubstituted aryl group or a substituted or unsubstituted 
heterocyclic group, and most preferably a Substituted alkyl 
group, a substituted aryl group or a substituted 
heterocyclic group. 

Rio and each independently represents a hydrogen 

atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted cycloalkyl group, a 
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substituted or unsubstitated alkenyl group, a substituted 
or unsubstituted aralkyl group, a substituted or 
unsubstituted aryl group, or a substituted or unsubstituted 
hot«rocyclie group, preferably a hydrogen atom, a 
substituted or unsubstituted alfcyl group, a aubatituted or 
unsubstituted aryl group, or a substituted or unsubstituted 
heterocyclic group, most preferably a hydrogen atom, a 
substituted alkyl group, a substituted aryl^ group or a 
substituted heterocyclic group. However, it is not 
preferred that Ric and R2„ both are a hydrogen atom. 

The substituted or unsubstituted alkyl group 
represented by ^„ and is preferably an alkyl- group 

having from = 1 ■ to .. 30 carbon atoms, moire preferably a 
branched alkyl group, because the solubility of dye -and: the 
stability of ink are improved, still more preferably an 
alkyl group having an asymmetric carbon (use in the racemic 
form) . Exainples of the substituent include those described 
later as the substituent when 2^, Rx«, R^c, Yi, y^, and 
can further have a substituent. In particular, a hydrojtyl 
group, an ether group, an ester group, a cyano group, an 
amido group and a sulfonamide group are preferred because 
the aggregating property and fastness of dye are enhanced. 
Other than these, the alkyl group may be substituted by a 
halogen Atom or an ionic hydrophilic group. Incidentally, 
the number of carbon atoms in the alkyl group does not 
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contain carbon atoms of substitiaents and this applies to 
other groups . 

The snbstxt«ted or unsubstituted oycloalkyl group 
rttpresentad by R^^, r^^ and 2„ is preferably a eycloalkyl 
5 group having from 5 to 30 carbon atoma, more preferably a 
eycloalkyl group having an asymmetric carbott <use in the 
raceaic form) because the solubility of dye and the 
Stability of ink are improved. Examples of the substituent 
include those described later a« the substituent when z,, 
10 Rjo, R2„, Yj, and can further have a aubatituent. 

In particular, a hydroxyl group, an ether group, an ester 
group, a cyano group, an amido group and a sulfonamido 
group are preferred because the aggregating property .and 
faatnesa of dye are enhanced. Other., than these, the 
15 cyoloalfcyl group, may be substituted by a- halogen atom or an ■ 
ionic hydrophilic group. 

The substituted or unsubstituted alkenyl group 
represented by R,., R,, and is preferably an alkenyl 
group having from 2 to 30 carbon atoms, more preferably a 
20 branched alkenyl group because the solubility of dye and 
the stability of ink are ia5)roved, still more preferably an 
alkenyl group having an asymmetric carbon (use in the 
racemic form) . Examples of the substituent include those 
described later as the subetltuent when Z„ R,„, r,^, y,, 
25 Y3 and Y4 caa further have a aubstituent. In particular, a 
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hydroxyl group, an ether group, an ester group, a cyano 
group, an amido group and a sulfonamido group are preferred 
because the aggregating property and fastness o£ dye are 
enhanced. Other than these, the alkenyl group may be 
substituted by a halogen atom or an ionio hydrophilic group. 

The substituted or unsubstituted aralkyl group 
represented by Ri^, R^c and Zo is preferably an aralkyl 
group having from 7 to 30 carbon atoms, more i>referafaly a 
branched aralkyl group because the solubility of dye and 
the stability of ink are improved, still more preferably an 
aralkyl group having an asyametric carbon (use in the 
racemic form) . . Examples of the substituent ineluder. tKose 
described later.., as. the substituent when Ric, R2d7 Ifiv TCi,^ 
and TCa c^a further have a substituent/ In, partieulair^ a* 
hydroxyl group, an ether group, an ester group,. -a dyano . 
group, an amido group and a sulfonamide group are preferred 
because the aggregating property and fastness of dye are 
enhanced. Other than these, the aralkyl gxbup xaay be 
snbstituted by a halogen atom or an ionic hydrophilic group. 

The substituted or unsubstituted axyl group 
represented by R^,, R,^ and 2^ is preferably an aryl group 
having from 6 to 30 carbon atoms. Examples of the 
substituent include those described later as the 
substituent when a^, Ri«, r^,, y,^ y, ^ further 

have a substituent. In particular, an electron-withdrawing 
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group is preferred because the dye can have a noble 
oxidation potential and be improved in the fastness. 
Exaaiples of the electron-withdrawing group include those 
having a positive Haametfs substituent constant op value. 
Among these, preferred are a halogen atom, a heterocyclic 
group, a cyano group, a carboxyl group, an acylamino group, 
a sulfonamide gro^, a sulfamoyl group, a carbamoyl group, 
a sulfonyl group, an . imido group, an acyl- group, - a sulfo 
group and a qua ternary anmonium group, more preferred are a 
cyano group, a carboxyl group, a sulfamoyl group, a 
carbamoyl group, a sulfonyl group, an imido group, an ^eyl 
group, a sulfo group and a quaternary ammonium group. 

The heterocyclic group represented by R,, , r,, . and 2, 
is preferably a 5- or 6-membered ring and the ring; may be 
further condensed. Also, the heterocyclic group may be an 
aromatic heterocyclic group or a non-aromatic heterocyclic 
group. Examples of the heterocyclic group represented by 
Ri«, R2= and are shown below in the form of a 

heterocyclic ring by omitting the substitution site. The 
substitution site is not limited and, for exauopl^, in the 
case of pyridine, the 2-position, 3-position and 4-position 
can be substituted. Examples include pyridine, pyrazine, 
pyrlmidine, pyrida^ine, triazine, quinoline, isoquinoline, 
quinazoliae, oinnoline, phthalazine, «jiiinoxaline, pyrrole, 
indole, furan, benzofuran, thiophene, benzothiophene. 
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pyrazole, imidazole, benzimidazole, trlazole, oxazole, 
benzoxazole, thxazole, benzothiazole, isothxazole, 
benzisothiazole, thiadiazole, isoxazole, benzisoxazole, 
pyrrolidine, piperidine, plperaaine, imldazolidine and 
thiaeoline. in particular, an aromatic hetarooyclic gxov^p 
is preferred. Preferred examples thereof include, shown in 
the same manner as above, pyridine, pyrazine, pyrimidine, 
pyridazine, triazine, pyrazole, imidazole, benzimidazole, 
triazole, thiazole, benzothiazole, isothiazole, benziso- 
thiazole and thiadiazole. these groups each xaay have a 
substituent and examples of the subs titnieat include those 
described later as the siibstituent when Z^,, R^^, Rj^, Yi, Ya, 

and Yi can further .have = -a substituent. Preferred. 
sub»titu«nts are the same , as - the . ; above-described 
substituents of the aryl group and more preferred 
substituents are the same as the above-described more 
preferred substituents of the aryl group. 

5^1, ^a, Y3 and each independently represents a 

hydrogen atom, a halogen atom, an alkyl group, a oyeloalJtyl 
group, an alkenyl group, an aralkyl group, an aryl group, a 
heterocyclic group, a cyano group, a hydroxyl group, a 
nitro group, an amino group, an alkylamino groi^, an alkoaqr 
group, an aryloxy group, an acylamino group, an arylamino 
group, a ureido group, a aulfamoylaaino group, an alJcylthio 
group, an arylthio group, an alkoxycarbonylamino group, a 
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sul£onam±do group, a carbamoyl grotip, a sulfamoyl group, a 
sulfonyl group, an alkoxycarbonyl group, a heterocyclic oxy 
group, an azo group, an acylo9cy groiap, a caxbamoyloxy group, 
a silyloxy group, an aryloxycarbonyl group, an 
aryloxycarbonylamino group, an imido group, a ha-fcerocyclio 
thio group, a phosphoryl group, an acyl group, a carboxyl 
group or a sulfo group. These groups each may further have 
^.a - s-ttbsiiltuent-. ..... 

^ar Ya, Y3 and each is prejferably a hydrogen atom, 
a halogen atom, an alkyl group, an axyl group, a oyano 
group, an alkoxy group, an amido group, a ureido gtroup; a 
sulfonaiQxdo. group, a carbamoyl group, a sul£amoyl giroi:^, an 
alkoxycarbonyl group, a carboxyl group or a sulfb- gr<>up, 
more preferably a hydrogen atom, a halogen atom, a '<2yatod 
group, 5^ carboxyl group or a aulfo grotip> and moat 
preferably a hydrogen a-tom. 

When Zc/ Ric/ R^c, Yir Y2, Ya and Y4 each is a group 
Which can further have a substituent, the group may further 
have the following substituent. 

Exwples of the Bubstituent include a linear or 
branched alkyl group having from 1 to 12 carbon atoms, a 
linear or branched aralkyl group having from 7 to 18 carbon 
atoms, a linear or branched alkenyl group having from 2 to 
12 carbon atoms, a linear or branched alkynyl group having 
from 2 to 12 carbon atoms, a linear or branched cyoloalkyl 
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group having from 3 to 12 carbon atoms, a linear or 
.branched cycloalkenyl group having from 3 to 12 carbon 
atoms (these grotqps each is preferably a groi^ having a 
branched chain because the solubility of dye and the 
stability of ink are inproved, more preferably a group 
having an asymmetric carbon; specific examples of the 
groups include a methyl group, an ethyl group, a propyl 
group, an isopropyl grotqa, a see-butyl group, a tert-bu*yl 
group, a 2-ethylhexyl group, a 2-methylsulfonylethyl group, 
a 3-phenoxypropyl group, a trifluoromethyl group and a 
cyclopentyl group), a halogen atom (e.g., chlorine, 
bromine), an aryl group (e .g. , phenyl , 4-tert-butylphenyl, 
2,4-di-tert-amylphenyl) , , a . .hetf r<>eyclic group, (e.g;, 
imidaaolyl , pyrasolyl ,• txiaa.olyl , 2-r-f uryl , 2- thienyl , 2- 
pyrimidinyl, 2-benzothiazolyl) , a cyan© group, a hydroaiyl 
group, a nitro group, a carboxy group, an amino group, an 
alkyloxy group (e.g., methoxy, ethoxy, 2-»ethoxyethoxy, 2- 
methanesulf onylothojty) , an aryloxy group (e.g., phenoxy, 2- 
•tt^thylphenoxy, 4-tert~butylpheaoxy, 3-nitrophenoxy, 3-tert- 
butyloxyearbamoylphenoxy. 3-methoxyearbamoyl) , an acylamino 
group (e.g., acetamido, benzamido, 4- (3-tert-butyl-4- 
hydroxyphenoxy)butanamido) , an alkylamino group (e.g., 
methylamino, butylamino, diethylamino, xnethylbutylamino) , 
an aniline group (e.g., phenylamino, 2-chlorottailiao) , a 
ureido group (e.g., phenylureido, methylvireido, N,N- 
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dlbutyluzreido) , a sulfamoylamino group (e.g., n,n- 
dipropylsulfamoylamino) , an alkylthio group (e.g., 
methylthio, octylthlo, 2-phenoatyethylthlo) , an arylthio 
group (e.g., phenyl tWo, 2-butoj£y-5-tort-ootylph«aylthio, 
2-carboxyphenylthio) , an aXkyloacycarbonylamino group <«.g., 
methoxycarbonylanino) , a sulfonamido group (e.g., methane- 
aulfonamido, benzenesulfonawddo, p- toluene sulfonamido) , a 
oarbamoyl group (a. g., K-cthylcarbamoyl, - N>N-dibutyl- 
oarbamoyl), a sulfainoyl group (e.g., N-ethylaulf amoyl , 
dipropylsulfamoyl, N-phenylsulfamoyl) , a sulfonyl group 
(e.g., methanesulfonyl, octanesulf onyl , benjsenesuJLf oiiyl , 
tolnenesulfoayl) , an alkyloaiycarbonyl group (e.g. , 
wstho3cycarbO|»yl, .. butyloaeycarbonyl), a heterocyclic -oaty. 
group (e.g., l~ph©nyltetraaol~S-oxy, 2-t«trahydro- 
pyranyloxy) , an azo group (e.g. , phenylazo • 4- 
methojcyphenylazo, 4-pivaloylaminqphenyla«o , 2-hydro3iy-4- 
prppanoylphenyla«o) , an acyloxy group (e.g., acetoxy) , a 
carbamoyloxy group (e.g., N-methylcarbamoyloacy, N-phenyl~ 
carbamoyloxy) , a silyloxy group («.g., trin»thyl«xlyloxy, 
dibutyljnethylsilyioxy) , an arylojcycarfjonylamino group (e.g., 
phenojcycarbonylamxno) , an imxdo group (e.g., N-succinimido , 
M-phthalimido) , a heterocyclic thio group (e.g., 2- 
benxothiaaolylthio , 2 , 4-di-phenoxy-l , 3 , 5-triazole-6-thio , 
2-pyridylthio) , a awlfinyl gcoup (e.g., 3~ph«noxypropyl- 
sulfinyl), a phoaphonyl group (e.g., phenos?ypboaphonyl. 
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octylo3Q^hosphonyl, phenylphosphonyl) , an aryloxycarbonyl 
group {e.g., phenoxycarbonyl) , an acyl group (e.g., acel^l, 
3-phenylpropanoyl, benzoyl) , and an ionic hydrophillc group 
(e.g., carboxyl, eulfo, phosphono, quaternary ammonium). 

In the case where tha phthalooyanine <3^& represented 
by formula (CI) is water-soluble, the dye preferably 
contains an ionic hydrophilic groi^. Exaii5>les of the ionic 
hydropbilic group include a sulfo groi^^ a carboxyl- -group, 
a phosphono group and a «juaternary ammonium group. Among 
these ionic hydrophilic groups, preferred are a carboxyl 
group, a phosphono group and a sulfo group, more . preferred 
are a carboxyl group and a sulfo group. SChe carboaeyl group, 
the phosphono group and the sulfo group each ;may be in a 
salt state and examples of the- counter ion for fooiuLng the 
salt include an ammonium ion,- alkali metal ions (e.g.., 
lithium ion, sodium ion, potassium ion) and organic cations 
(e.g., tetramethylaaaaonium ion, tetramethylguanidium ion, 
tetramethylphosphonium) . Among these counter ions, alJcali 
metal salts are preferred and a lithium salt is more 
preferred because the solubility of dye and the stability 
of ink are enhanced. 

As for the number of ionic hydrophilic groups, the 
phthalooyanine dye preferably contains at least two ionic 
hydrophilic groups, more preferably at least two sulfo 
groups and/or carboxyl groups, within one molecule. 
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ai to a* and bi to b4 represent the number of 
subatituents to X. and to Y., respectively. to a, 

each Independently represents an integer o£ 0 to 4 but all 
are not 0 at the ti«e. to each independently 

5 represents aa integer of (J to 4. When ax to a, and i>, to b, 
each represents a n^amber of 2 or more, a plurality of 
substituents x„ x„ X3, y,, y,, or y, „ay be the same 

or different. 

ai and bi satisfy the relationship of ai+bi=4 . m 
10 particular, a co«»bination that ax represents 1 or 2 and bx 
represents 3 or 2 is preferred, and a combination that a, 
represents 1 and. -bi. represents 3 is most preferred. 

The same relationship as that between ax and bi i^ . 
present in each of the pairs aa and b^, a, and h,, -and 
15 and b4, and.the.prefer.red combination is also the same; 

M represents a hydrogen atom, a metal element or an 
oxide, hydroxide or halide thereof. 

M is preferably a hydrogen atom, a metal element such 
as Li, Na, K, Mg, Ti, jjr, v, Mb, Ta, Cr, Mo, W, Mn, Pe, Co, 
20 Ni, Ku, Bh, Pd, OS, ir, Pt, Cu, Ag, Au, ^, cd, Hg, M,, Ga. 
m. Si, 6e, Sn, Pb, Sb and Bi, an oxide such as VO and GeO, 
a hydroxide such as Si(OH>2, Cr(OH)2 and Sn(OH)^, or a 
halide such as AlCl, SiCl., Vcl, VCl., VOCl, PeCl, GaCl and 
zrci, more preferably Cu, Hi, Zn or AI, and most preferably 



25 Cu. 



66 



Also, Pc (phthalocyanine ring) may form a diner (for 
example, &c-M~L-M-Pc> or a trimer through I. (divalent 
linking group). At this time, Ms may be the same or 
different . 

di- or more valent linking group represented by l 
is preferably an oxy group -0-, a thio group -S-, a 
carbonyl group -CO-, a sulfonyl group -SO,-, an imino group 

a methylene groi^ ^CBj- -or a group formed by 

ooobining two or more of these groups. 

As for the preferred combination of substituents in 
the compound represented by formula (CI) , a compound where 
at least one of various substituents is the preferred group 
is preferred, a compound where a larger: number of various 
substituents are the preferred groups, is more preferred, 
and a compound where all, substituents are --the preferred 
groups is most preferred. 

Among the phthalocyanine <^es represented by formula 
(CI), a phthalocyanine dye having a structure represented 
by formula (CII) is preferred. 
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The phtlialocyanineu t^e r^r©sent«d by f otmula , (CIl) 
of the preseni; .i.nv«ntion i«. dB»crlb«d in. detail below. 

m fom«la;. (ciI)..v Xi, to x„ and Y^, to Xxn have the 
same meanings as to X4 and to Y, in fonnula (CI), 
respectively, and preferred eatables are al«o the same. 
has the same meaning as M in formula (CI) and preferred 
exai^ples are also the same. 

in formula (Cli) , to a„ each independently 

represents an integer of 1 or 2 and preferably satisfy 
4^ii+ai2+a„+ai45S, and aii=ai2=ax3=ai4=l is more preferred. 

Xu, X12, Xi3 and Xi4 may be completely the same 
substituonta, may be substituaata of th« «ame kind but 
partially different as in the case, for exa««,le, where 
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Xia, Xi3 and Xj* all are -SOj-Zc and Z^s axe different from 
each other, or may include substituents different from each 
other, for ©xaa^le, -SOj-Zc and -SOaNRicRac- 

in the phthalocyanine dye represented by formula 
<cil), the following combinations of subatituents are 
particularly preferred. 

Xu to Xi4 each ind^endently represents 
preferably -So-Z., -SO^NR.^,, or -COnR,^,,, „ore 

preferably -SOj-Zo or -SOaMR^cRa^ , aost preferably -SO^-Z^. 

Each Z, independently represents preferably a 
substituted or nnsnbstituted alkyl grotjp, a substituted or 
unsubstituted aryl gxoup or a substituted or unsubstituted 
heteroeyolic ..group, and «ost preferably a substituted alkyl 
ff^oi^, . a., substituted «.ryl group or a substituted 
15. heterocyclic gxoup. m particular, • the casb > where an 
asynuaetric carbon is present in the substituent (use in the 
racemic form) is preferred because the solubility of dye 
and the stability of ink are enhanced. iaao, the case 
where a hydroxyl group, an ether group, an ester group, a 
20 cyano group, an axoido grot^p or a sulfona«ido group is 
present in the substituent is preferred because the 
aggregating property and fastness are ia^roved. 

Rxc and Rs« each independently represents preferably a 
hydrogen atom, a substituted or unsubstituted alkyl group, 
25 a substituted or unsubstituted aryl group or a substituted 
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or unsnbstituted heterocyclic group, and most preferably a 
hydrogen atom, a substituted alkyl group, a substituted 
aryl group or a substituted heterocyclic group. However, 
it ±B not preferred that Rx„ and both are a hydrogen 
.5 atom. i„ particular, the case where an asynrmetrio carbon 
is present in the substituent (use in the racemic form) is 
preferred because the solubility of dye and the stability 
Of ink are enhanced. Also, the case where a-hydroxyl group, 
an ether group, an eater group, a cyano group, an amido 
10 group or a sulfonamido group is present in the substituent 
is preferred because the aggregating property and fastness 
are improved. 

to Yig each, ind*^>ettdently represents preferably a 
hydrogen atom, a halogen atom, an alkyl... group, an aryl 
15 group, a cyano group,, an-alkoxy group, an amido group, a 
ureido group, a sulfonami«to group, a carbamoyl group, a 
sulfamoyl group, an alJco^ycarbonyl group, a carboxyl group 
or a suifo group, more preferably a hydrogen atom, a 
halogen atom, a cyano group, a carboxyl group or a sulfo 
20 group, and most preferably a hydrogen atom. 

an to aa4 each independently represents preferably 1 
or 2 and it is more preferred that all are 1 . 

Ml represents a hydrogen atom, a metal element or an 
oxide, hydroxide or halide thereof, preferably cu. Hi, zn 
25 or Al, and most preferably Cu. 
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In the case where the phthalocyanine dye represented 
by formula (CII) is water-soluble, the dye preferably 
contains an ionic hydrophilic group. l!xa«5»les of the ionic 
hydrophilic group include a sul£o group, a earboxyl group, 
5 a phosphono group and a quaternary aimonium group. Axaong 
these ionic hydrophilic groups, preferred are a cartooxyl 
group, a phosphono group and a aulfo group, more preferred 
are a carbo^yl group and a .ulfo group. .. The - carJH>xyl group, 
the phoaphono group and the sulfo group each may be in a 
10 salt state and examples of the counter ion for fo^aing the 
3alt include an ammonium ion, alkali «.etal ions (e.g. , 
lithium ion, sodium ion, potassium ion) and organic cations 
(e.g, , .tetramethylammonium ion, tetramethylguanidium ' ion , 
tatramatliylphosphonium) . Among these counter iohs , " alkali, 
15 metal salts are preferred and a lithium " salt is- more, 
preferred because the solubility of dye and the stability 
of ink are. enhanced. 

Aa for the nuiUb^r of ionic hydrophilic groups, the 
phthalocyanine dye preferably contains at least two ionic 
20 hydrophilic groups, more preferably at least two sulfo 
groups and/or carboxyl groups, within one molecule. 

As for the preferred coiabination of substituents in 
the compound represented by formula (Cll) , a compound where 
at least one of various .ubstituents is the preferred group 
25 is preferred, a confound where a larger number of various 



71 



sul>3tit„ents ara the preferred grcps is xuore preferred, 
and a compound where all subotituents are the preferred 
groups ±s most preferred. 

A. for the chemical structure of the phthalocyanl„e 
5 dye of the present invention, at least one electron- 
withdrawing ,ro«p such as sulfi^l group, sulfp„yl 
and 3„lfan.oyl g.oup is preferably introduced i„to 
respective four ben.ene - rings of phthalocyanine such - that - 
the total Of op values of the aubstitu^nts in the entire 
10 phthalocyanine skeleton becomes 1.6 or more. 

The Han^etfs aubstituent constant op value is 
briefly described here. The Ha»n«tt's rule is an en^i^ioal 
rule advocated by 1..^. n^^^ ,^35 . ^ ^ 

<J«antitatively discuss- the effect of substituent on the 
15 reaction o^ e<^ilibriu. .f benzene derivatives and its 
propriety is widely admitted at present. The substitUent 
constant deterzained by the Hammett-s rule includes a cp 
value and a o» value and these values can be found in a 
large n««^er of general publications but theae are 

0 described in detail, for examole i« t * « 

' ^ exainpie, x» J. A. Oean (compiler), 

L ange.s Handbool. of Che^i.^trg , 12th ed. , MCGraw-Hill ^919) 
and Kagalcuno Ity oiki (rh..t3tr,,^eaion> , special nu^er, No.' 
122, pp. 96-103, Nankodo (1979). 
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generally a mixture of analogues differing in the site 
where the si^stxtuents Xn (n=l to 4) and Ym (m«l to 4) are 
introduced and in the number of the substitueats introduced. 
Accordingly, the.e analogue mixtures are statintically 
5 averaged and represented by a formula in many c«.aes. m 
the present invention, it has been found that when these 
analogue mixtures are classified into the following three 
types, a specific mixture is particularly preferred.! The 
phthalpcyanine-base dye analogue mixtures represented by 
10 formulae (ci) and (dl) are defined by classifying these 
into the following three types based on the substituabh 
site. The .positions of ^^^^ 5r„ and 

Tfi» in -formula . <cil) are designated as 1, 4, s, 8, 9, 12, 
13 and 16, .respectively, ,. 
15 (1} P-Position substitution type: 

A phthalocyanine dye having specific substituents at 
the 2- and/or 3-position, the 6- and/or 7-^osition, the 10- 
and/or ll-position, and the 14- and/or IS-position. 

(2) a~PoBition substitution type: 

JO A phthalocysnine d,e having specific 3Ubstit«ents at 

the 1- and/or 4-positicn, the 5- and/or 8-^osition, the 9- 
and/or 12-position, and the 13- and/or 16-position. 

(3) a,p-Position mixed substitution type: 

A phthalocyanine dye having .pecific substitutions at 
5 the 1- to 16-positions without any regularity. 
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in the present invention, phthaloeyanine dye 
derivatives differing in the structure <partieularly in the 
substitution site) are described by using these P-position 
substitiJtlon type, a-poaltion substitution type and a,p- 
position ndLxed substitution type. 

The phthalocyanine derivative for use in the present 
invention can be synthesized by <«a»bining the methods 
described or cited,, for exai^le, in Shirai ■ and Kobayashi , 
PhthalcoYanine -Kagafcu to Kino- ^ Phth alocyanine. 
and Function-^ , pp. x^6Z, IPC, and C.C. Leanoff and A.B.P. 

^^^^Wanines - P^^p^^ ^es and Ap pl 
pp. 1-S4, VCH, or methods analogous thereto. 

The phthalocyanine compound represented by formula 
<CI) of the present invention can be synthesized; for 
example, through sulfonation, sulfonyl ohlbridation or 
amidation of an unsubstituted phthalocyanine coopound as 
described in International Publications 00/17275, 00/08103, 
00/08101 and 98/41853 and J^-A-10-36471 . X« this case! 
sulfonation may take place at any site of the phthalo- 
cyanine nucleus and the „u,^er of sites sulfonated i, 
difficult to control. Accordingly, when a sulfo group is 
introduced under such reaction conditions, the positions 
and nunO^er of sulfo groups introduced into the product 
cannot be specified and a Mixture of those differing ia the 
nuxnber of svbstituents or in the substitution »ite 
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inevitably results. if the confound of the present 
invention is nyathesixed starting fr«a such a product, the 
compound o£ the present invention is obtained as ^ a,p- 
positxon »lxed substitution type mixture containing several 
5 kinds Of coB^unds differing in the nu«4,er of aubstituents 
or in the substitution site bec^ause the n«*er of sulfa^yi 
groups substituted on the heterocyclic ring or their 
substitution sites cannot be specified; . 

As described above, for example, when many electroa- 
10 withdrawing groups .uch as sulfa«>oyl group are introduced 
into the phthalocyanine nucleus, the oxidation potential 
becomes - nobler and the ozone resistance is increased. 
However, .according to- the above-described synthesis «^th6d; " ^ 
a phthalocyanine dye where the number of ' .electron- • • 
15 Withdrawing groups introduced is small, n^lj,; «ie - 
oxidation potential is baser, is inevitably »i«gXed, 
Therefore, in order to inrprove the ozone resistance, ±t is 
preferred to use a synthesis method where the production of 
a compound having a baser oxidation potential is suppressed. 
0 The Phthalocyanine co««.ou«d represented by formula 

(CII) of the present invention can be synthesized, for 
example, fay reacting a phthalonitrile derivative (Compound 
P) shown below and/or a diimi„oisoindoli„e derivative 
(Compound Q, .hown b^low with a metal derivative 
3 r^resented by formula (CXII, or can be derived from a 
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tetrasulfophthalocyanine compound obtained by reacting a 4- 
sulfophthalonitrile derivative (Compound R) shown below 
with a metal derivative represented by formula (CIII) . 



CN 




N— H 



m 

Compound Q , 








C02H 




y Compound R 





S03Na 



NaOjS-j- 




m the formulae above, 1^ oorxesponds to x,3 
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or Xi4 in formula <CII) and and y^. each corresponds to 
^11, Yi2, Yi3, Yic, Yi5, Yi, or in fornnila (CII) . in 

Compound R, M' represents cation. 

Examples o£ the cation represented by M' include 
S alkali metal ions such Li, Na and K, and organic cations 
such as triethYlammonium ion and pyridinium ion. 
Fonsula (CIII) : 

wherein M has the same meaning as M in formulae (ci) and 
10 (CIl) , y represents a monovalent or divalent ligand such as 
halogen atom, acetate anion, acetylacetonate and oxy^^en, 
and d represents an integer of 1 to 4. 

That is, according to lAis synthesis method, a. 
specific number of desired substituents can be introdtiesed. 

15 Particularly, in the case of introducing a large nuniber of 
electron-withdrawing groups so as to render the oxidation 
potential nobler as in the present invention, this 
synthesis method is very excellent as compared with the 
above-described method for synthesizing the phthalocyanine 

20 compound of formula (CI) . 

The thus-obtained phthalocyanine compound represented 
by formulae (Cll) i^ .dually a mixture of compounds 
represented by the following formulae (a) ^1 to <a)-4 which 
are iswuers with respect to the substitution site of each 
25 Xjp, namely, a p-positioa substitution type. 
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Fozmula (a)-l: 
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Fcrroula (a) -3: 




In the synthesis method above, when all XpS are the 
same, a p-poaitioa substitution type phthalocyanine dye 
where Xu, X12, X3.3 and Xj, are cwKpletely the same 
subatitaenta can be obtained. On the other hand, when x^s 
are different, a dye having eubstituents of the same kind 
but partially different from each other or a dye having 
substitnents different from each other can be synthesized. 
Among the dyes of formula (CII) , these dyes having 
electron-withdrawing substituents different from each other 
are preferred because the solubility and aggregating 
property of dye and the aging stability of ink can be . 
controlled. 

In the present invention, it has been found very 
important in any substitution type for the ii^<^^n€ of . 
fastness that the ojcidation potential is aobl^- thim 1.0 V 
(vs SCE). The great effect thereof cannot be expected at 
all from the above-described known techniques. Furthermore, 
although the reason is not particularly known, there is a 
tendency that the ^-position substitution type is 
apparently more excellent in the color hue, light fastness, 
ozone gas resistance and the like than the «,p-position 
mixed substitution type. 

Specific examples (Compounds 1-1 to 1-12 and 101 to 
190> of the phthaloeyanine dyes represented by formulae 
(Ct) and (CH) are set forth below, however, the 
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phthalocyanine dye for use in <:he present invention 
limited to the following exait^jles . 
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Compounds : 




SOaNa 
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(1-3) 




83 




84 




85 



(1-9) 
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In the following Tables, specific examples of each 
pair Of (Xa, x^) , (Y^,, y^) , (y^3, y,,, , (y^^, y^^, ^^^^^ 
^fia) are independently in an irregular order. 
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[Table 6] 
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In tlife following Tables, each introduction site of 
substituents (3^i) and (Xpj) is in an irregular order within 
the 3-pos^1^^o<^ substitution type. 
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[Table 12] 
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The structure of the phthalocyanine compouna 
represented by M-Pc (3t^i)„(X;p2)„ iij Confound Nos. 146 to 190 
±s shown below: 




(wherein each Xp}, i* independently Xpi or ^t^.^) 



The phthalocyanine dye represented by formula <C1) 
can be synthesized according to the patent publications 
described above. Purthenaore, the phthalocyanine dye 
represented by formula (CIl) can be synthesized by the 
methods described in JP-A-2001-226275 , JP--A-2001-96610, JP- 
A-2001-47013 and JP-A-2001-193638 in addition to the above- 
described synthesis method. The starting material, dye 
intermediate and synthesis route are not limited to those 
dUescrdLbed in these patent publications. 

The Inkjet recording ink of the present invention 
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contains the phthalocyanine dye in an amount of preferably 
from 0.2 to 20 inass%, more preferably from 0.5 to 15 mass%. 

The iakjet recording ink of the present invention can 
be prepared by dissolving and/or dispersing the 
phthalocyanine dye in an aqueous aedivim. The term "aqueous 
medium" as used ia the present invention means water or a 
mixture of water and a slight amount of water-misoible 
organic solvent, . where additives such as wetting agent 
(preferably a surfactant as a dissolution or dispersion 
aid) , stabiliser and antiseptic ar« added, if desired. 

The ink containing the betaine compound preferably 
contains no polymer fine particle . 

The phthalocyanine for use in the .present 

invention is preferably a substantially water-soluble dye 
having an ionic hydrophilic group. The "substantially 
water-soluble" means that the dye dissolves in an amount of 
2 mass% or more in water at 20°C. 

In the magenta ink used for the infcjet recording ink 
Of the present invention, a magenta dye selected from azo 
dyes is dissolved or dispersed in an aqueous medium and 
this dye is fundamentally characterized in that the 
absorption maximum in the aqueous medium is present in the 
spectral region of 500 to 580 nm' and the oxidation 
potential is nobler than 1 . 0 V (vs SCE) . 

The first preferred structural feature of this aso 



102 



dye is that the dye has a chromophore represented by the 
formula: (heterocyclic ring A3) -N=N- (heterocyclic ring B3) . 
In this case, the heterocyclic rings A3 and B3 may have the 
saiae structure. Specifically, the heterocyclic rings A, 
and B3 each is a 5- or €<-m«iabered httterocyclic ring 
selected from pyrazole, imidazole, triazole, pxazole, 
thiazole, selenazole, pyridone, pyrazine, pyrimidine and 
pyridine. These are specifically described, for- example, 
in Japanese Patent Application Nos . 2000-15853 and 2001- 
15614, crP-A-2002-309116 and Japanese Patent Application Mo. 
2001-195014 . 

The second preferred structural feature of the azo 
d^re is that an aromatic nitrogen-containing 6-inembered 
heterocyclic ring i» bonded as the ooupldLng coH^nent 
directly to at least one side of the aso group. Specific 
examples thereof are described in 2001-110457. 

The third preferred structural feature is that the 
aujtochrome has an aromatic or heterocyclic ring amino group 
structure, specif ioally, an aniline group or a hot^rylaadno 
group . 

The fourth preferred structural feature is that the 
dye has a steric structure. This is specifically described 
in Japanese Patent Application Ho. 2002-12015. 

Itaaong these preferred structural features of the aso 
dye, the dye moat preferred for attaining th© object of the 
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present invention is a dye represented by the following 
formula (MI) : 




wherein A3 repr«««nts a S-membered heterocyolxc group; 

B^^ and each represents =CR»~ or -Cb!'= or either 

one of B^^ and b'* represents a nitrogen atom and the other 
represents sCR^- or -CR'b; 

r' and each independently represents a hydrogen 
atom or a s«bstituent, the s«bstituent is an aliphatic 
group, an aromatic group, a heterocyclic group, an acyl 
group, an alkoxycarbonyl group, an aryloxycarbonyl group, a 
carbamoyl group, an alkylsulfonyl group, an arylsulfonyl 
group or a sulfamoyl group, and the hydrogen atom of each 
substituent may be siibstitutad; 

G^S and R^ each independently represents a 

hydrogen atom or a substituent, the substituent i» a 
halogen atom, an aliphatic group, an aromatic group, a 
heterocyclic group, a oyano group, a earboxyl group, a 
carbamoyl group, an alkoxycarbonyl group, an aryloxy- 
carbonyl group, a heterocyclic oxycarbonyl group, an acyl 
group, a hydroxy group, an alkoxy group, an aryloxy group. 
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a heterocyclic oxy group, a silyloxy group, an acyloxy 
group, a carbamoyloxy group, an alkoxycarbonyloxy group, an 
aryloxycarbonyloarsr group, an amino group, an acylanuino 
group, a ureido group, a sulfamoylaiuino group, an alkoxy- 
carbonylaaiino group, an aryloxyearbonylamino group, an 
alkylsulfonylamino group, an arylsulfonyXsttttino group, a 
heterocyclic sulfonylanino groi^, a nxhro group, an 
allqrlthio group, an arylthlo group, a heterocyclic thio 
group, an alkylsulfonyl group, an arylsulfonyl group, a 
heterocyclic sulfonyl group, an alkylsulfinyl group, an 
arylsulfinyl group, a heterocyclic sulfinyl group, a 
aful£amoyl group or a sulfo group, and the hydrogen atom of 
each substituent may be substituted; and 

and R*, or R* and R* may combine to form a 5- or 6- 
menbsred ring. 

The dye of formula (MI) is des(»;ibed in more detail. 
In formula (Ml) , A3 represents a 5-^embered hetero- 
cyclic group. Examples of the hateroatom of the 
heterocyclic ring include M, O and S. A, is preferably a 
nitrogen^containing 5-nenbered heterocyolio ring and the 
heterocyclic ring may be condensed with an aliphatic ring, 
an aromatic ring or another heterocyclic ring. Preferred 
examples of the heterocyclic ring include a pyrazole ring, 
an imidazole ring, a thiaeole ring, an isothlazole ring, a 
thiadiaaole ring, a benzothiaaole rinfl, a benaoxasole ring 
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and a benzisothiazole ring. Each heterocyclic group may 
further have a substituent . Among those rings, a,ore 
preferred are a pyrazole ring, an imidaaole ring, an 
isothiaaole ring, a thiadiazole ring and a benzothiazole 
ring represented by the following formulae (a) to (g) : 





. f T ^ >R13 

^S-N S 



(e) 



(g) 



N. 



— (f T 



wherein r' to r" each represents the sane aubstituent as 
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G^^/ and in formula (MI) , 

Among formulae (a) to (f ) , preferred are a pyrazole 
ring and an isothiazole ring represented by formulae (a) 
and (b) , and most preferred is a pyraaole ring represented 
by formula (a) , 

In formula (MI) , B^^ and B^^ each represents =CR^- 
or -CR^= or either one of B^^ and B^^ represents a nitrogen 
atom and the other represents =C»^- or -CR?=j, - b^* and B^^ 
eaoh preferably represents =jCR^- or -CR^», 

and each independently represents a hydrogen 
atom or a substituent, the substituent is an aliphatic 
group, an aromatic group, a heterocyclic group, an acyl 
group, an alfcoxycarbonyl group, an axyloxycarbonyl group,, a 
carbamoyl group, an al3cylsulfonyl group, an arylsulfonyl 
group or a sulfarooyl group, and the hydrogen atom of each 
substituent may be substituted. 

R and R «ach is preferably a hydrogen atom, an 
aliphatic group, an aromatic group, a heterocyclic grov5>, 
an acyl group, an alkylsulfonyl group or an arylsulfonyl 
group, more preferably a hydrogen atom, an aromatic group, 
a heterocyclic group, an acyl group, an alkylsulfonyl group 
or an arylsulfonyl group, and most preferably a hydrogen 
atom, an aryl group or a heterocyclic group, and the 
hydrogen atom of each substituent may be substituted, but 
r' and R* are not a hydrogen atom at the same time. 
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31 1 2 

G , R and R each independently represents a 
hydrogen atom or a substituent, the snbstltiaent is a 
halogen atom, an aliphatic groi^, an aromatic group, a 
heterooyclic group, a cyano group ^ a carboxyl group, a 
carbamoyl group, an alkoxycarbonyl groups an aa:yloxy- 
carbonyl group, a heterocyclic oxycarbozjyl group ^ an acyl 
groxxp, a hydroxy group, an alJcoacy group, an aryloxy groiq>, 
a heterocyclic oxy group, a silyloxy group, an acyloxy 
group, a carbamoyloxy group, an alkoxycarbonyloxy groups an 
aryloxycarbonyloxy group, an amino group < including an 
alkylamino group, an arylaxnino group and a heterocyclic 
amino group), an acylamino group, a ureldo group, a 
sul£amoylamino group, an alfcoxycarbonylamino group, an 
aryloxyoarbonylamino group, an alkylsulfonylamino group, an 
aryl^ulfonylamxno groups a hetej^ocyclic 3ul£onylamino group, 
a nitro group, an alkylthio group, an arylthio group, a 
heterocyclic thio group, an alkylsulfonyl group, an 
arylsulfonyl group, a heterocyclic sulfonyl group, an 
alkylsulfinyl group, an arylaulfinyl group, a heterocyclic 
sulfinyl group, a sulfamoyl group or a eulfo group, and the 
hydrogen atom of each substituent may be substituted. 

31 

G IS preferably a hydrogen atom, a halogen atom, an 

aliphatic group, an aromatic group, a hydroxy group, an 

alkoxy group, an aryloxy group, an acyloxy group, a 

heterocyclic oxy group, an amino group (including an 



108 



*l*=yl^i*^<» gj^oup* an arylamino group and a heterocyclic 
amino group) , an acylamino group, a ureido group, a 
sulfamoylamino group, an alkoasycarbonylamino group, an 
aryloxycarbonylamine group, an alkylthio group, an arylthio 
group ox a hoterocyclxc thio group, more preferably a 
hydrogen atom, a halogen atcwn, an alfcyl groi^, a hydroacy 
group, an alkoxy group, an aryloxy grot;tp, an acyloxy group, 
an amino group or an acylamino group, and most preferably a 
hydrogen atom, an amino group (preferably an anilino group) 
or an acylamino group, and the hydrogen atom of each 
substxtuent may be substituted. 

and each is preferably a hydrogen atom, an 

alkyl group, a halogen atom, an alkoxycarbonyl group, a 
carboxyl group, a oaxbamoyl group, a hydroxy, group; an 
alkoxy group or a cyan© group, and the hydrogen atom of 
each substxtuent may be substituted. 

and R*, or and may combine to form a 5- or 6- 
membered ring. 

When As has a substituent or when the substituent R*, 
r'', r', r* or 6^^ further has a substituent, examples of the 
substituent include the substituents described above for 
G^S and R=. 

In the case where the dye of formula (Ml) of the 
present Invention is a water-soluble <^e, the dye 
preferably has further an ionic hydrophilio group as a 
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stibstitiient on any position of A3, R^, R% r^, r« and G^^. 
Examples of the ionic hydrophilic groi^ as a substituent 
include a sulfo groi^, a carboacyl group, a phosphono. gxoup 
and a quaternary atmnonitun group. Among these ionic 
hydrophilic groups, preferred are a carboirfl group, a 
phosphono group and a sulfo groi^, more preferred are a 
carboxyX group and a sulfo group. The carboxyl group, the 
phosphono group and the sulfo group each may be in a salt 
state and examples of the counter ion for formiag the salt 
include an ammonium Aon, alkali matal ions (e.g., lithium 
ion, sodium ion, potassium ion) and organic cations (e.g., 
tetramethylammonium ion, tetramethylguanidiiim ion, 
tetraxnethylph6sphonium).v •. . • 

5?he terms (substxtuents) as used in the present 
invention are described below. These terms each is oommon 
among different symbols in formula (Ml) and also in formula 
(HIa) shown later. 

The halogen atom includes a fluorine atom, a chlorine 
atom and a bromine atom. 

The aliphatic gropp means an alfcyl group, a 
substituted alkyl group, an alkenyl group, a substituted 
alkenyl group, an alkynyl group, a substituted alkynyl 
group, an aralkyl group and a substituted aralkyl group. 
The "substituted" used for a "substituted alkyl group" and 
the like in the present invention means that the hydrogen 
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atom present in an "alkyl group" or the like is substituted, 
for exaittple, by a substituent described above for G^*, 
and R^. 

The aliphatic group may be branched or may form a 
ring. The number of carbon atone in the aliphatic group is 
preferably from 1 to 20, more preferably from 1 to 16. The 
aryl moiety in the aralfcyl group and the substituted 
aralkyl group is preferably a phenyl group or a naphthyl- 
group, more preferably a phenyl group, "Exsmpl&a of the 
aliphatic group include a methyl group, an ethyl group, a 
butyl group, an isopropyl group, a tert^butyl group, a 
hydroxyethyl group, a methostyethyl group, a cyanoethyl 
groi^, a trifluoromethyl group, a 3-sulfopropyl group, a 4- 
sulfobutyl group, a cyclohexyl group, a benzyl -grtoup, a 2- 
phenethyl group, a vinyl group and an allyl group; • 

The aromatic group means an aryl group and a 
substituted aryl group. The aryl group is preferably a 
phenyl group or a naphthyl group, more preferably a phenyl 
group. The number of carbon atoms in the aromatic group is 
preferably from 6 to 20, more preferably from 6 to 16. 

Examples of the aromatic group include a phenyl group, 
a p-tolyl group, a p-methoxyphenyl group, an o-chlorophenyl 
group and an (3-sulfopropylamino) phenyl group. 

The heterocyclic group includes a substituted 
heterocyclic group. m the heteroqyclic group, the 
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heterocyclic ring may be condense*? with an aliphatic ring, 
an aromatic ring or another heterocyclic ring. The 
heterocyclic group is preferably a S- or 6-meiiibered hetero- 
cyclic group. Bxaajples of the substituent o£ the 
substituted heterocyclic group include an aliphatic group, 
a halogen atom, an alkylaulf onyl group, an arylsulfonyl 
group, an acyl group, an acylamino group, a sulfamoyl group, 
a carbamoyl group and an ionic hydrophilic group. Examples 
of the heterocyclic group include a 2-pyridyl group, a 2- 
thienyl group, a 2-fchi«»olyl group, a 2~benaothiasolyl 
grot^, a 2-benzoxa!Eoiyl group and a 2-furyl group. 

The carbamoyl group includes a substituted carbamoyl 
group. Examples of the substituent include an alkyl group. 
Examples of the carbamoyl group include a methylcarbamoyl 
group and a dime thylcarbamoyl groiqa. 

The alfcoxycarbonyl group includes a substituted 
alkoxycarbonyl group. The alkoxycarbonyl group is 

preferably an alkoxycarbonyl group having from 2 to 20 
carbon atoms. Examples of the substituent include an ionic 
hydrophilic group. Examples of the alkoxycarbonyl group 
include a methoxycarbonyl group and an ethoxycarbonyl group. 

The aryloxycarbonyl group includes a substituted 
aryloxycarbonyl group. The aryloxycarbonyl group is 
preferably an aryloxycarbonyl group having from 7 to 20 
carbon atoms. E3ta»«,las of the aubstituent include an ionic 
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hydrophilic group. Examples of the aryloxycarbonyl gxoup 
include a phenoxycarbonyl group. 

The heterocyclic oxycarbonyl group includes a 
substituted heterocyclic oxycarbonyl group. Examples of 
the heterooyclic ring include the heterocyclic rings 
described above for the heterocyclic group. Thm 
heterocyclic oxycarbonyl group is preferably a heterocyclic 
oxycarbonyl group having from 2 to 20 carbon atoms . 
Exaoples of the substituent include an ionic hydrophilic 
group. Sxaa^les of the heterocyclic oxycarbonyl groi^ 
include a 2-pyri<^lo3rsrcarbonyl gcoup. 

The - acyl group includes a substituted aeyl group. 
The acyl group is preferably an acyl group having -f^om i to 
20 carbon atoms. Examqples of the substituent include an 
ionic hydrophilic group. Examples of the acyl g:tOT^ 
include an acetyl group and a benzoyl group. 

The alkoxy group includes a substituted alkoxy group. 
The alkoxy group is preferably an alkoxy group having from 
1 to 20 carbon atoms. Sxamples of the substituent include 
an alkoxy groi^, a hydroxyl group and an ionic hydrophilic 
group. Examples of the alkoxy group include a methoxy 
group, an ethoxy group, an isopropoxy group, a nethoxy- 
ethoxy group, a hydroxyethoxy group and a 3-carboxypropoxy 
group . 

The aryloxy group includes a substituted aryloxy 
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groiq>. iThe aryloxy group is preferably an axyloxy gro«p 
having from 6 to 20 carbon atoms. Exantples of the 
substituent incXwde an alkoxy group and an ionic 
hydrophilic group. Exanqples of the acyloxy grottp include a 
phenoxy group, a p-]nethoxyph«noxy group and an o-methoxy- 
phenoxy group . 

The heterocyclic oxy group includes a substituted 
heterocyclic oxy group; Examples of the heterocyclic ring 
include the heterocyclic rings described above for the 
heterocyclic group. The heterooyclio 03cy group is 
preferably a heterocyclic oxy group having from 2 to 20 
carbon atoms.. Examples of the substituent include an alkyX 
group, an alkoxy group and an ionic hydrophilic group. 
Exaaipios of the heterocyclic oxy group include a 3- 
Py»i<Syloxy grov^p and a 3-thienylojqr group; . 

The silyloxy groiq» i» preferably a silyloxy group 

substituted by an aliphatic or aromatic group having from 1 

to 20 carbon atoms. Examples of the silyloxy group include 

a trimethylsilyioxy group and a diphenyla«thylsilyloxy 
group . 

The acyloxy group includes a substituted acyloxy 
group. The acyloxy group is preferably an acyloxy group 
having from 1 to 20 carbon atoms. Examples of the 
substituent include an ionic hydrophilic group. Examples 
of the acyloxy group include an acetoxy group and a 
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benzoyloxy group. 

The caxbamoyloacy group includes a substituted 
carbaawyloxy group. Exaxaples of the substituent include an 
alkyl group. Examples of the caxtoaaoyloxy group include an 
5 M-nethylcarbamoyloxy group. 

The alkoxycarbonyloxy group includes a substituted 
alkoxycarbonyloxy group. The alJcoxyearbonyloxy group is 
preferably an alko^carbonyloxy group having from 2 to 20 
carbon atoms. Examples of the alkoxycarbonylo^ group 
0 include a methoxycarboayloxy group and an laopropoxy- 
carbonyloxy grotrp.. 

The aryloaqrcarbonyloxy group includes a substituted 
aryloxycarbonyloxy group. The aryloxycarbonyloxy group- is ^ 
preferably an aryloxycarbonyloxy group having from 7 to "20 
> carbon atom* . - Bxamples of the aryloxycarbonyldxy group 
include a phenoxycarbonyloxy groiq>. 

The amino groi^ includes a substituted amino group. 
Examples of the substituent include an alkyl group, an aryl 
group and a heterocyclic group, and the alkyl group, the 
aryl group and the heterocyclic group •aoh may further have 
a substituent. The alJcylamino group includes a substituted 
alkylamino group. The alkylamino group is preferably an 
alkylamino group having from 1 to 20 carbon atoms. 
Examples of the substituent include an ionic hydrophilic 
Examples of the alkylamino group include a methyl- 
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axai.no group and a diethylamino groxip. 

The arylamino group includes a substituted arylamino 
groi^. The arylamino group is preferably an arylamino 
group having from 6 to 20 carbon atoms. Examples o£ the 
substituent include a halogen atom and an ionic hydrophilic 
group. Examples of the arylamino group include a 
phenylamino group and a 2-^chlorophenylamino groi^. 

The hetero^clic amino group includes a substituted 
heterocyclic amino group. Examples of the heterocyclic 
ring include the heterocyolio rings described above for the 
heterocyclic group. The heterocyclic amino group is 
preferably a heterocyclic amino group having f xom 2 to 20 
carbon atoms. Exaagales of the. subs tituent include an alkyl 
group, a halogen atom and an ionic hydrophilic group. 

The acylamino group includes a substituted aaylamino 
group. The acylamino group is preferably an acylamino 
group having from 2 to 20 carbon atoms. Examples of the 
substituent include an ionic hydrophilic group. Examples 
of the acylamino group include an ecetylaxaino group, a 
propionylamino group, a benzoylamino group, an 
phenylacetylamino group and a 3,5-disulfobenzoylamino group. 

The ureido group includes a substituted ureido group. 
The ureido group is preferably a ureido group having from 1 
to 20 carbon atoms. Examples of the substituent include an 
alJtyl group and an aryl group. Examples of the ureido 
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group include a 3-methylureido group, a 3 , 3-diaiethyluj;ei<io 
group and a 3-phenylureido group. 

The sulfamoylaiaino group includes a substituted 
sulfamoylamino group. Examples o£ the subatituent include 
an alkyl group. Exaii?>los of the aulfamoylamino group 
include an N,N-dipropylsulfaB»oylaaiino group. 

The alkoxycarbonylamiao group includes a substituted 
alkoxycarbonylaniino group. The alkoxyearbonylamino group 
is preferably an alkoxyearbonylamino group having from 2 to 
20 carbon atoaas. Examples of the subatituent include an 
ionic hydrophilic group. Examples of the alkoxyearbonyl- 
amino group .include an ethoacyearbonylamino groi;^.- 

The axyloxycarbonylamino group includes a substituted ' 
aryloxycarbonylamino group. The aryloxycarboaylamijib group 
ia preferably an aryloxycavboaylamino group having ■ from 7 
to 20 carbon atoms. Examples of the substxtuent include an 
ionic hydrophilic group. Examples of the aryloxycarbonyl- 
amino gjToup include a phenoxycarbonylamino group. 

The alkylsulfonylamino group and the arylsulfonyl- 
amino group include a subatituted alkyl aulfonylamino group 
and a substituted arylsulfonylamiao group, respectively. 
The alkylsulfonylamino group and the arylsulfonylamino 
group are preferably an alkylsulfonylamino group having 
from 1 to 20 carbon atoms and an arylsulfonylamino group 
having from 7 to 20 carbon atoms, respectively. Examples 
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of the substituent include an ioaic hydrophilic group. 
Bxaioples of the alkylaulf onylamino gxaup and arylsulfonyl- 
amino group Include a methylsulfottylamino group, an N- 
phenyl-methylsulfonylamlno group, a phenylsulfonylamino 
group and a S-carboxyphonylaulfonylamino group. 

The heterocyclic sulfonylamino group includes a 
substituted heterocyclic sulfonylamino group. Examples of 
the heterocyclic ring - include the heterocyclic rings 
described above for the heterocyclic group. -Hie 
heterocyclic sulfonylamino group is preferably a 
heterocyclic sulfonylamino group having from 1 to 12 carbon 
atoms. Examples of the substituent include an ionic 
hydrophilic group. ^Ixainples of the heterocyclic sulfonyl- 
amino group include a 2-thienylsulfonylamino group and a 3- 
pyrie^ylaulfonylaminc group. 

The alkylthio group, the arylthio group and the 
heterocyclic thio group include a substituted alkylthio 
group, a substituted arylthio group and a substituted 
heterocyclic thio group, respectively. Eieamples of the 
heterocyclic ring include the heterocyclic ringo described 
above for the heterocyclic group. The alkylthio group, the 
arylthio group and the heterocyclic thio group are 
preferably an alkylthio group having from 1 to 20 carbon 
atoms, an arylthio group having from 1 to 20 carbon atoms 
and a heterocyclic thio group having from 1 to 20 carbon 
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atoms, respectively. Examples of the substituent include 
an ionic hydropliilic groi^. Examples o£ the alkylthio 
group, arylthio group and heterocyclic thio groi;^ include a 
methyl thio group, a phenyl thio grei^ and a 2-pyri«^lthio 
group . 

The alkylsulfonyl group and the arylsulfonyl group 
include a substituted alkylsulfonyl group and a substituted 
arylsulfonyl group, respectively. Examples of -the 

alkylsulfonyl group and arylsulfoayl group include a 
laethylsulfonyl group and a pheaylsulfoayl group. 

The heterocyclic sulfonyl group includes a 
substituted heteEocqrdic sulfonyl group. Bxan^les of the 
heterocyclic . ring include the heterocyclic rings described 
above for th© hoterocryolic groi:^. The heteroeyelie 
sulfonyl group is preferably a heterocyclic sulfonyl group 
having from 1 to 20 carbon atoms. Examples of the 
substituent include an ionic hydrophilic group. Examples 
of the heterocyclic sulfonyl group include a 2- 
thieaylauXfonyl grox^ and a 3lpyri<^l8ul£onyl group. 

The alkylsulflnyl group and the arylsulfinyl group 
include a substituted alkylsulflnyl group and a substituted 
arylsulfinyl group, respectively. Examples of the 

alkylsulflnyl group and arylsulfinyl group include a 
mothylsulfinyl group and a phenylaulfinyl group. 

The heterocyclic sulfinyl group includes a 
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substituted hetejrocyclic sulfinyX group. Examples of tho 
heterocyclic ring include the heterocyclic rings described 
above for the heterocyclic group. The heterocyclic 
sulfinyl group is preferably a heterocyclic sulfinyl group 
having from 1 to 20 carbon atoms. Exan>ples of the 
substituent include an ionic hydrophilic group. Exanples 
of the heterocyclic sulfinyl group include a 4- 

Kfridylsulfinyl group 

The sulfamoyl group includes a substituted sulfamoyl 

group. Examples of the aubstitueat include an alJtyl group. 

Examples of the sulf««aoyl groiq> include a diwethylsulfamoyi 

group and a di- (2-hydroxyethyl) sulf amoyl group. 

In the present invention, particularly preferred is a 

structure represented by the following f oxmula ' (Mia) : 

Formula (Mia) : 



\ / d5 



I 



r3 



in formula (Mia), r\ ^ad R« have the same 

mesmings as in formula (Ml) . 

r3 and R* each independently represents a hydrogen 
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atom or a substituent and the substituent is an aliphatic 
group, an aromatic group, a heterocyclic group, an acyl 
group, an alfcoxycarbonyl group, an aryloacycarbonyl group, a 
carbamoyl group, an alkylsulfonyl group, an arylsulfonyl 
5 group or a sulfamoyl group, r' and R* each is preferably a 
hy«irogen atom, an aromatic group, a heterocyclic group, an 
acyl groiq>, an alkylsulfonyl group or an arylsulfonyl group, 
more preferably a hydrogen atom, an aromatic group ox a 
heterocyclic group. 
10 z"- represents an electron-withdrawing group having a 

Bammett's substituent constant op valuo of 0.20 or more. 
2^ is preferably an electron-withdrawing group having a op 
value of 0.30 or more> more, preferably 0.4S or more, still 
more preferably 0.60 to more, but the op value preferably 
15 does not exceed 1,0. Specific preferred exav^les of this 
substituent include electron-withdrawing substituents 
described later, among those, preferred are an acyl group 
having from 2 to 20 carbon atoms, an alkyloxycarbonyl group 
having from 2 to 20 carbon atoms, a nitro group, a eyano 
20 group, an alkylsulfonyl groi^ having from 1 to 20 carbon 
atoms, an arylsulfonyl group having from € to 20 carbon 
atoms, a carbamoyl group having from 1 to 20 carbon atoms 
and a halogenated alfcyl group having from 1 to 20 carbon 
atoms, more preferred are a oyano group, an alkylsulfonyl 
25 group having from 1 to 20 car3>on atoms and an arylsulfonyl 
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group having from 6 to 20 carbon atoms, and most preferred 
is a cyano group. 

2= represents a hydrogen atom or a substituent and 
the substituent is an aliphatio group, an aromatic group or 
5 a heterocyclic group, ia preferably an aliphatic group, 
more preferably an alkyl g^roup having from 1 to 6 carbon 
atoms . 

Q represents a hydrogen atom or a substituent and the 
substituent is an aliphatic group, an aromatic group or a 
10 heterocyclic group. Q i« preferably a group comprising a 
nonmetallic atom group necessary for forming a 5-, 6-, 7^ 
or 8™nbered ring. The 5-, 6-, 7- or S^embered- rihg^ „ay 
. be substituted,, may be a saturated ring or may liave" ah 
unsaturated bond. Q is more preferably an aromatic grot^ 
15 or a heterocyclic group. Preferred example, of the 
nonmetallic atom include a nitrogen atom, an oxygen atom, a 
sulfur atom and a carbon atom. Specific examples of the 
ring structure include a benzene ring, a cyclopentane ring, 
a cydohexane ring, a cydoheptane ring, a cydooetane ring, 
20 a cyclohe^ene ring, a pyridine ring, a pyrlmtdine ring, a 
pyrazine ring, a pyridazlne ring, a triazine ring, an 
imidazole ring, a benzimidazole ring, an oxazole ring, a 
benzoxazole ring, a thiazole ring, a benzothiazole ring, an 
oxane ring, a sulfolane ring and a thiane ring. 
25 The hydrogen atom of each substituent described in 
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regard to formula (Hia) may be sijbstituted. Examples of 
the substituent include the substituents described in 
regard to formula (Ml), the groups described as exaii«»leg 
for and r', and ionic hydrophilic groups. 

5 Here, the Hammett's substituent constant op value 

used in the present invention is described. The Haummetfs 
rule is an empirical rule advocated by l.P. Hammett in 1935 
SO as to quantitatively discuss the effect of substituent 
on the reaction or equilibrium of benzene derivatives and 
LO its propriety is widely admitted at present. -phe 
substituent constant determined by the Hawmett's rule 
includes a op value and . a cm. value and these values can be 
found in * large number of general publications but these 
*re described in detail, for example, in .J:A. Dean 
5 (compiler) , Lange's Handbook of rW4,*.^ i^tH ed. , 
M<,Graw-Hill (1979) , and Ka«.a3cuno Rvo^v. (Chemistry R.^ .... 
special number. No. 122, pp. 96-103, Mankodo (1979). i„ 
the present invention, each substituent is limited or 
described by using the Hammett's substituent constant op 
3 but this does not mean that the substituent is limited only 
to those having a known value which can be found in the 
above-described publications. Needless to say, the 

substituent includes substituents of which op value is not 
known in publications but when measured based on the 
Hammetfs rule, falls within the range specified. 
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Furthermore, although formula (la) of the present invention 
include those which are not a benzene derivative, the op 
value is used as a measure for showing the electron effect 
of the subatituent irrespective of the substitution site. 
In the present invention, the op value is used in this 
meaning . 

Examples of the electron-withdrawing group having a 
Hammett's substituent constant op value of 0 . 60 or more 
include a oyano group, a nitro group, an alkylsulfonyl 
group (e.g., methylsulfonyl) and an arylsulfoayl group 
(e.g. , phenylsulfonyl) .. 

. Exainples . of the electron-withdrawing group having a 
Haaimetfs-rOpv.value .of 0.45 or more include, in addition- to-, 
those described above, an acyl group • (e.g. ; acetyl) ;: an . 
alkoxycarbonyl group (e.g., dodecyloatycarbonyl) r an 
aryloxycarbonyl group (e.g., m-chlorc^enoxycarbonyl) , an 
alkylsulfinyl group (e.g., n-propylsulfinyl) , an aryl- 
sulfinyl group (e.g., phenylsulfinyl) , a sulfamoyl group 
<«.gw N-ethylaulfamoyl, W,N-difflethylaulfamoyl) and a 
halogenated alkyl group (e.g., trifluoromethyl) . 

Exan^les of the electron-withdrawing group having a 
Hammetfs substituent constant op value of 0.30 or more 
include, in addition to those described above, an acyloxy 
group (e.g., aeetoxy) , a carbamoyl group (e.g., »- 
ethylc«a>a«oyl, N,N-dibutylcarba«oyl) , a halogenated alkoxy 
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group (e.g., trif luoromethyloxy) , a halogenated aryloxy 
group (e.g., pentaf luorophenyloarsr) , a aulf onylojqr group 
(e.g., methylsulfonyloxy) , a halogenated allcylthio group 
(e.g., dif luoromethylthio) , an aryl group substituted by 
two or more electron-withdrawing groups having a op value 
of 0.15 or more (e.g., 2 , 4-dinitroph6nyl , pentachloro- 
phenyl) and a heterocyclic ring (e.g., 2-benzoxazolyl , 2- 
benaothiazolyl,. i-phenyl-S-benaijBidazolyl) , ■-. 

Specific exajnples of the electron- withdrawing group 
having a op value of o.20 or more include, in addition to 
those described above, a halogen a1:om. 

The preferred combination., of substituents in the azo 
<*ire represented by formula (Ml) is described below. and 
R« each ia preferably a hydrogen atom, an alkyl group,, an 
aryl group, a heterocyclic group, a sulfonyl group or an 
aoyl group, more preferably a hydrogen atom, an aryl group, 
a heterocyclic groi^ or a sulfonyl group, and most 
preferably a hydrogen atom, an aryl group or a heterocyclic 
group. However, R= and are not a hydrogen atom at the 
same time. is preferably a hydrogen atom, a halogen 

atom, an alkyl group, a hydroxyl group, an amino group or 
an acylamino group, more preferably a hydrogen atom, a 
halogen atom, an afliino group or an acylamino group, and 
most preferably a hydrogen atom, an amino group or an 
acylamino group. 
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Aj is preferably a pyrazole ring, an imidazole ring, 
an isothiazole ring, a thiadiazole ring or a benzothxazole 
ring, more preferably a pyrazole ring or an isothiazole 
ring, and most preferably a pyrazole ring. 

B^^ and B^^ each is a=CR^- ©r and and each 

is preferably a hydrogen atom, an alkyl group, a halogen 
atom, a cyano group, a carbamoyl grov^, a cai^oxYl group, a 
hydroxyl group ^ an alfcoxy group or an- alkoxycarbonyl group, 
more preferably a hydrogen atom, an alJqrl group, a carbosryl 
gj^^oup/ a cyan© group or a carbamoyl group. 

As for the preferred combination of aubstituenta in 
the compound :represented by formula (Ml) , a compound where 

at least.one of various subatituents is the. preferred group 
is preferred, a compound where a larger number- of vsirious 

substituents are the preferred groupa is more prefe:tred, 

and a c««»pound where all subatituents are the preferred 

groups is most preferred. 

Specific examples of the confound (azo dye) 

represented by formula (MI) axe set forth below, however, 

the azo dyo for use in the present invention is not limited 

to those set forth below. 
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The ink contposition (in the present invention, 
sometimes simply referred to as "ink") for ink jet recording 
of the present invention can be pr^ared by dissolving 
and/or dispersing at least one of the above-described azo 
dyes in an aqueous medium and preferably contains the aso 
dye in an amount of 0.2 to 20 niass%, more preferably from 
0.5 to 15 niass%. 

The ink containing the betaine eoonpound preferably 
contains no polymer fine particle. 

The azo dye for use in the present invention contains 
an ionic hydrophilic group and is substantially water- 
soluble. The "substantially water-soluble" means that the 
dye dissolves in aa amount of 2 mass% or more in water at 
20*C. 

In the inkjet ink composition of the present 
invention, other magenta dyes can be used in combination 
with the above-described azo dye (magenta dye) . 

Examples of the magenta dye which can be used in 
combination include axyl- or heteryl-azo (^es (except for 
the dye represented by formula (Ml) of the present 
invention) having a phenol, a naphthol or an aniline as the 
coupling component; azomethine dyes having a i^razolone or 
a pyrazolotriazole as the coupling coo^nent,- methine d^es 
such as arylidene dye, styryl dye, merooYanine dye and 
oaeonol dye; carbonium dyes such as diphenylmethana dye, 



140 



triphenylme thane dye and xanthene dye; quinone-base dyes 
sTich as naphthoquinone, anthraquinone and anthrapyridone ; 
and condensed polycyclic dyes such as dioxaslne dye. These 
dyes may be a dye which provides a magenta color for the 
first time when a part of the chroroophore is dissociated. 
In this case, the counter cation may be an inorganic cation 
such as alkali metal and aaaaonium, an organic cation such 
as pyridinium and quaternary ammonium salt> or a polymer 
cation having such a cation in a partial structure. In the 
ink composition containing the compound represented by 
formula (MI) of the present invention, the other dye is 
used in combination within the range of satisfying the ink 
precipitation test in the present invention. 

The yellow dye useful for the present invention is 
described in detail below. 

When the reflection density after printing an ink on 
a reflective medium is measured through a Status A filter 
(for example, X-rite 310TR Densitometer) and one point 
having a reflection density (£>«) of 0.90 to 1.10 in the 
yellow region is defined as the initial density of the ink 
and when this printed matter is enforcedly discolored by 
using an ozone discoloration tester capable of always 
generating S ppm of osaone and the enforced discoloration 
rate constant <k) is deteacmined according to (0.8»e''^*') from 
the time period (t) until the reflection density decreases 
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to 80% of the initial density, the yellow <iye used in one 
ink (composition) fox use in the Inkjet recording method of 
the present invention is controlled, in view of fastness 
and oBone gas resistance, to have an enforced diseoloratiott 
rate constant of S.OxlO"^ Ihour'^] or less, proferatoly 
a.OxlO^^ Ihonr"*] or less, »ore preferably 1.0x10"* (hour'''] 
or less. 

Also, the yellow- dye is preferably a dye having an 
oxidation potential nobler than 1.0 V (vs SCE) , more 
preferably nobler than 1.1 V <vs SCK) , and moat preferably 
nobler tOxan 1.15 V (vs SCE). As for the type of the dye, 
an azo dsps satisfying the above-described reqairements is 
particularly preferred. . 

More specifically, a test saa^ple is dissolved to a 
concentration of 1x10"* to 1x10"* mol/litar irt a solvent 
such as dimethylformamide or acetonitrile containing a 
supporting electrolyte such as sodium perchlorate or 
tetrapropylammonium perchlorate and the oxidation potenti^ 
is meaaured as a value to SCB (saturated caloausl electrode) 
by using a cyclic voltammetry or the lifca. irhis value 
sometimes deviates on the order of tens of millivolt due to 
the effect of liquid junction potential, liquid resistance 
of sample solution, or the like, but the reproducibility of 
potential can be guaranteed by adding a standard sample 
(for eacan^le, hydroquinone) . 
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Xn order to uni vocally specify the potential, in the 
present invention, the value (vs SCB) measured in a 
dimethylfonoamide (concentration of dye: 0.001 mol diii"^) 
containing 0.1 mol dm"^ of tetrapropylaxmnonium perchlorate 
as the supporting electrolyte is used «s the oxidation 
potential of the dye. 

The Eox value indicates the transferability of an 
electron from the sample to the electrode and as the value 
is larger (the oxidation potential is nobler) , the eleetson 
is less transferable fxoitt the sample to the electrode, in 
other words, the oxidation less occurs. As for the 
relationship with the structure of eon^und, the oxidation 
potential becomes nobler when an electron-withdrawing grot^ 
is introduced, and becomes baser when an electron-donating 
group is introduced. m the present invention, the 
oxidation potential is preferably rendered nobler by 
introducing an electron-withdrawing group into the yellow 
dye skeleton so as to reduce the reactivity with ozone 
which is an elactrophilxe agent. 

The <^e for use in the present invention preferably 
has good color hue as well as good fastness, more 
preferably has no trailing in the long wave side on the 
absorption spectrtim. For this purpose, the yellow dye 
preferably ha» hoax in the region from 390 to 470 nm and 
the ratio KAaax + 70 nm)/I(Xmax) of the absorbanoe at hmx 
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(KXniax)) to the absorbance at Xanax + 70 nm (l(Xittax + 70 
nxn)) is preferably 0.2 or less, more preferably 0.1 or leas. 
The lower limit of this ratio is about O.Ol. These JLmax 
and the lik« are values measured with an aqueous solution. 

The dye satisfying these oxidation potential and 
absorption properties is preferably a dye represented by 
the following formula (Yl) . However, the eoii5>ound 
represented -by formula (Yl) is sufficient if the Xmax is in 
the range from 390 to 470 nm, and the above-described 
oxidation potential and ratio + 70 njn)/I(Xmax) need 

not be always satisfied. 
Formula Cri) :. 

Aii-MssCW-Bii 

wherein „and Bn eaoh independently represents a hetero- 
cyclic group which may be substituted. 

The heterocyclic ring is preferably a heterocyclic 
ring constituted by a S- or 6-meiiibered ring and the 
heterocyelxo ring may have a monocyclic structure or a 
polycyclio structure resulting from condensation of two or 
more rings and may be an aromatic heterocyclic ring or a 
non-aromatic heterocyclic ring. The heteroatom 

constituting the heterocyclic ring is preferably N, o or S 
atom. 

Thm heterocyclic ring represented by im in formula 
(yl) is preferably 5-pyrazolone, pyrazole, triazole. 
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oxazolone, isoxazolone, barbituric acid, pyridone, pyridine, 
rhodanine, pyraatolidinedione , pyrazolopyridone, merdraroie 
acid or a condensed heterocyclic ring resnltitig from 
condensation of suob a heterocyclic ring with a hydrocarbon 
aromatic ring or a heterocyclic ring, more preferably S- 
pyrazolone, 5-aminopyrazole, pyridone, 2 , S-diaminopyridine 
or a pyrazoloazole, still more preferably S-aininppyrazole, 
2-hydroxy-fi-pyridone or pyrazolotriazole. ■ 

&xaa^le« of the heterocyclic groxip represented by 
include pyridine, pyrazine, pyrimidine, pyridazine, 
triazine, quinoline, isoquinoline , quinazoline, einnoline, 
phthalazine, quinoxaline, pyrrole, indole, furan, 
benzofuraa, thiophene, benzothiophene, pyrazole, imidazole, 
benzimidazole, triazole, oxazole, iaoxazoie, benzoxazole, 
thiazole, benzothiazole, isothiazole, benzisothiazole , 
thiadiazole, benzlsoxazole, pyrrolidine, piperidine, 
Piperazine, imidazolidine and thiazoline. Among these, 
preferred are pyridine, quinoline, thiophene, benzo- 
thiophene, pyrazole, imidazole, benzimidasola, triaaole, 
oxazole, isoxazole, benzoxazole, thiazole, benzothiazole, 
isothiazole, benzisothiazole, thiadiazole and benzlsoxazole, 
more preferred are quinoline, thiophene, pyrazole, thiazole, 
benzoxazole, benzlsoxazole, isothiazole, imidazole, 
benzothiazole and thiadiazole, and still more preferred axe 
pyrazole, benzothiazole, benzoxazole, imidazole, 1,2,4- 
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thxadiazole and 1,3,4-thiadiazole. 

Examples of the substituent sTibstituted to Au and Bu 
include a halogen atom, an alXyl group, a cyoloalkyl group, 
an aralkyl group, an aUcanyl group, an alkynyl group, an 
aryl group, a heterocyclic group, a oyano group, a hydroxyl 
group, a nitre group, an alkoxy group, an aryloxy group, a 
silyloxy group, a heterocyclic oxy group, an acyloacy group, 
a carbamoyloxy group, an alkoxycarbonyloxy group, an 
arylojtyoarbonyloxy group, an amino group, an acylamino 
group, an aroinocarbonylaroxno group, an alkoxycarbonylamino 
group, an aryloxycarbonylamino group, a sulfamoylamiao 
group, an alkylsulfonylamino grox«>, an arylsulf onylamino 
group, a mercapto. group, an alkylthio group, an arylthio. 
group, a heterocyclic thio group, a sulfamoyl group, an 
alkylsulfinyl group, an arylsulf inyl group, an aikyl^ 
sulfonyl group, an arylsulfonyl groi^, an acyl group, an 
aryloacycarbonyl group, an alkoxycarbonyl group, a carbamoyl 
group, an imido group, a phoaphino group, a phosphinyl 
group, a phosphinyloxy group, a phosphinylamino group, a 
silyl group and an ionic hydrophilic group. 

In the case where the tiye represented by formula (Yl) 
is used as a water-soluble dye, the t^e preferably contains 
at least one ionic hydrophilic group within the molecule. 
Examples of the ionic hydrophilic group include a sxilfo 
group, a carboxyl group, a phosphono group and a quaternary 
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anmonitim group. Among tiiese ionic hydrophilic groups, 
preferred are a earboxyl group, a phosphono group and a 
sulfo group, more preferred are a earboxyl group and a 
aulfo group. Wie oarboxyl group, the phosphono group and 

5 the sulfo group each may be in a salt state and exainples of 
the counter ion for forming the salt include an ammonium 
ion, alkali metal ions (e.g., lithium ion, sodium ion, 

-. potassium ion) and organic cations (e.g.,.. tetramethyl- 
onmonium ioa, tetramothylguanidium Aon, tetramethyl- 
10 phosphonium) . Among these counter ions, alkali metal salta 
are preferred. 

Among the dyes represented by formula (Yl) , preferred 
are the dyes represented by formulae (X2) , (y3) and (Y4) : 
Formula (3r2) ; , 



Rl ■N=N"-R4 
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wherein Rl and R3 each represents a hydrogen at<«R, a cyano 
group, an alkyl group, a cycloalkyl grot^, an aralkyl group, 
an alkoxy group, an alkylthio group, an a^lthio group, an 
20 aryl group or an ionic hydrophilic group, R2 represents a 
hydrogen atom, an alkyl group, « oycloalkyl group, an 
aralkyl group, a carbamoyl group, an acyl group, an aryl 
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group ox a heterocyclic group, and R4 represent 
heterocyclic group; 
Formula (^3) : 

R5 N^i^g 



s a 



N 2a 

\ I 

Zc-Zb 



wherain R5 r«presente a hydrogen atom, a cyano group, an 
alJcyX group, a cycloalkyl group, an aralfcyl group, an 
alkoxy group, an alkylthio grox^j, an arylthio group, an 
aryl group or an ionic hydrpphilic group, Za represents -N=, 
~NH- or .~C(R11)?=:, ,S5b and Zc each independently 
represents -^N-t or -C(Rll)^, Rii represents a hydrogen atom 
or a nonmetallie substituent, and R6 represents a 
heterocyclic group; 
Formula (74) : 

R7 



R9 



wherein R7 and R9 each independently represents a hydrogen 
atom, a cyano group, an alkyl group, a oycloalkyl group, an 
aralkyl group, an aryl group, an alkylthio group, an 
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arylthio group, an alkoxycarbonyl group, a carbamoyl group 
or an ionic hydrophilie group, R8 represents a hydrogen 
atom, a halogen atom, an alkyl group, an alkoxy g^oup, an 
asyl grovp, an aiyioxy group, a cyano group, an acylaaino 
5 group, a sulfonylaiaino group, an alkoxyearbonylamino group, 
a ureido group, an alkylthio group, an axylthio group, an 
alkoxycarbonyl group, a earbanu>yl group, a s^afamoyl group, 
an alkylsulfottyl group, an arylsulfonyl group, ■ an acyl 
group, an amino group, « hydroxy group or an ionie 
.0 hydrophilie group, and RIO represents a heterocyclic group. 

The alkyl group represented by Rl, r2, R3, RS, R7, R8 
and R9 in formulae (y2) , (y3) and {Y4) includes an alkyl 
group having a substitaient and an unsubstituted alkyl group. 
The alkyl group i» preferably an alkyl group having from 1 
to 20 carbon atoms. Exa»a>les of the substituent include a 
hydroxyl group, an alkoxy group, a cyano group, a halogen 
atom and an ionic hydrophilie group. Examples of . the alkyl 
gro^ include a methyl group, an ethyl group, a butyl group, 
an isopropyl group, a t«rt-butyl group, a hydroxyethyl 
group, a methoxyethyl group, a pyanoetbyl group, a 
trifluoromethyl group, a 3-sulfopropyl group and a 4- 
sulfobu^l group. 

The cycloalkyl group represented by Rl, R2, R3, RS, 
R7, R8 and R9 includes a cycloalkyl group having a 
substituent and an unsubstituted cycloalkyl group. The 
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oycloalkyl group is preferably a eycloalkyl group having 
from 5 to 12 carbon atoms. Examples of the substituent 
include an ionic hydrophilic group. ExaB«>les of the 
csYoloalTsyl group include a oyclohexyl group. 

The aralJcyl group represented by Rl, R2, R3, R5, R7, 
R8 and R9 include an aralkyl group having a substituent and 
an unsubstituted aralkyl group. The aralkyl group is 
preferably an aralkyl group having from- 7 to 20 -carbon 
atoms. Examples of the substituent include an ionic 
hydrophilic group. Examples of the aralkyl group include a 
benzyl group and a 2-phenethyl group. 

The aryl groi^ represented by Rl, R2, R3, RS, R7, rs 
and R9 includes an aryl group having a substituent and an 
unsubstituted aryl group., v 3?he aryl group is preferably an 
aryl group having from .6 to 20 carbon atoms. Examples of 
the substituent include an alkyl group, an alkoxy group, a 
halogen atom, an alkylamino group and an ionic hydrophilic 
group. Examples of the aryl group include a phenyl group, 
a p-tolyl group, a p-methoxyphenyl group, an o-chlorophenyl 
group and an m- (3-sulfopropylamino) phenyl group. 

The alkyl thio group represented by Rl, R2, R3, Rg, 
R8 and R9 includes an alkylthio group having a substituent 
and an unsubstituted alkylthio group. The alkylthio group 
is preferably an alkylthio group having from I to 20 carbon 
atoms. Examples of the substituent include an ionic 
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hydrophilic group. Exaaqples of the alkylthio group Include 
a ine1:hylth±o group and an ethyl thio group. 

Th« arylthio groixp represented by Rl, R2, R3, r5, r?^ 
R8 and Rd includ«a an arylthio group having a substituant 
and an unsubstituted arylthio group. -The arylthio group is 
preferably an arylthio group having from 6 to 20 carbon 
atoms. Examples of the substituent include an alkyl group 
and an ionlo hydrophilic group. - Exaoples of the arylthio 
group include a phenylthio group and a p-tolylthio group. 

The heterocyclic groi^ represented by R2 and R*' 
which is described later is preferably a 5- or 6-membered 
heterocyclic ring and the heterocyclic ring may be . further 
condensed. . The heteroatom constituting the heterocyclic 
ring is preferably N, S or O; The ring may be an aromatic 
heterocy.clic ring or a non-aromatic heterocyclic ring . The 
heterocyclic ring may be substituted and exaroples of the 
substituent are the same as those of the substituent of the 
a«yl group which is described later. The heterocyclic ring 
is preferably a 6-membered nitrogen-containing aromatic 
heterocyclic ring and preferred exaaiples thereof include 
triazxne, pyrimidine and phthalazine. 

The halogen atom represented by R8 includes a 
fluorine atom, a chlorine atom and a bromine atom. 

The alkoxy group represented by Rl, R3, R5 and R8 
includes an alkoxy group having a substituent and an 
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uasTjbstituted alkoxy group. The alkoxy group is preferably 
an alkoxy group having from 1 to 20 carbon atoms. Exaiaples 
of the substituent include a hydroxyl group and an ionic 
hydrophilio group. Bxaaaples of the alkoxy group include a 
nethoxy group, an ethoxy group, an isopropoxy group, a 
methoxyethoxy group, a hydroxyethoxy group and a 3- 
carboxypropoxy group. 

The aryloxy group represented by R8 includes an 
aryloxy group having a aubstitueat and an unaubstituted 
aryloxy group. The aryloxy group is preferably an aryloxy 
group having from 6 to 20 carbon atoms.. Examples of the 
substituent include an alfcoxy group and an - i«nic 
hydrophilio group. Exan^xles; of the aryloxy group include a 
phenoxy group, a prmethoxypheaoxy group and an o-methoxy- 
phenoxy group . ■ 

The acylamino grov^ represented by R8 includes an 
aeylamino group having a substituent and an unsubstxtuted 
acylamino group. The aeylamino group is preferably an 
acylamino group having frora 2 to 20 carbon atoms. Kxaaples 
of the substituent include an ionic hydrophilio group. 
ExaH5>les of the acylamino group include an acetamide group, 
a propionamide group, a benzamide group and a 3,5- 
disulfobenzamide group. 

Tha aulfonylamino gxovip xrc^reattnted by R8 includes a 
sulfonylamino group having a substituent and 
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unsubstiliuted sulf0nyla2td.no group. The sulfonylamino group 
is preferably a sulfonylaxnino group having from 1 to 20 
carbon atioms, E3caaiples of the sulf onylamino group include 
a mothylsulfonylamino group and an ethylsulfonylamino group. 

The allcQxycarbonylainino group represented by R8 
includes an alkoacycarbonylamino group having a substituent 
and an unsubstituted alkoacycarbonylamino group > The 
alkoxycarbonylamino group is preferably an alkoat^carbonyl- 
amino group having from 2 to 20 carbon atoms. Examples of 
the substituent include an ionio hydrophilic group. 
Examples of the alkoxycarbonylamino group include an 
ethoxycarbonyl amino group « 

The ureido group represen ted by R8 includes a ureido 
group having a substituent and an un»ub»tituted ureido 
group. The ureido group is preferably a ureido. group 
having from 1 to 20 carbon atoms . Examples of the 
substituent include an alkyl group and an aryl group. 
Examples of the ureido group include a 3«~methylureido group, 
a 3,3-diTOothylureido group and a S-'phanylureido group. 

The alkoxycarbonyl group represented by R7, R8 and R9 
includes an alkoxycarbonyl group having a substituent and 
an unsubsti touted alkoxycarbonyl group. The alkoxycarbonyl 
group is preferably an alkoxycarbonyl group having from 2 
to 20 carbon atoms* Examples of the substituent include an 
ionic hydrophilic group. Examples of the alkoxycarbonyl 
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group include a methoxycarbonyl group and an etho^carbonyl 
group . 

The carbamoyl group represented by R7, R8 and R9 

inoludes a carbamoyl group having a sub«titu«nt and an 
unsubstituted carbamoyl group. Examples of the substitpent 
include an alkyl group. Examples of the carbamoyl group 
include a methylcarbamoyl group and a dime thy Icarbamoyl 
group. 

The sulfamoyl group rapceaentad by K8 inolndas a 
sulfamoyl group having a stibstituant and an unsubstituted 
sulfamoyl group. Examples of the substituent include an 
alkyl group. Examples of the sulfamoyl group include a 
dimethylsulfamoyl group and a di- (Z-hydroxyethyl) sulfamoyl 
group . 

Examples of the alkylsulfonyl group and arylsulfonyl 
group represented by R8 include a methylsulfonyl group and 
a phenylsulfonyl group. 

Thsi acyl group raprasanted by R2 and R8 includes an 
acyl group having a substituent and an unsubstituted acyl 
group. The acyl group is preferably an acyl group having 
from 1 to 20 carbon atoms. Examples of the substituent 
include an ionic hydrophilic group. Exan^les of the acyl 
group include an acetyl group and a benzoyl group. 

The amino group represented by R8 includes an amino 
group having a substituent and an unsubstituted amino group. 
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Examples of the substituent Include an alJcyl group, an aryl 
group and a heterocyclic group. Examples of the amino 
group include a methylamino group, a diethylamino group, an 
aniline group and a 2-'ohloroanilino group. 

The heterocyclic group represented by R4, K6 and RlO 
is the same as the heterocyclic group represented by Bn in 
formula (Yl) , which may be substituted, and preferred 
examples, more preferred examples and still more preferred 
exainples are the same as those described above. Examples 
of the substituent include an ionic hydrcphilic group, an 
alkyl group having from 1 to 12 carbon atoms, an aryl group, 
an allcylthio group, an arylthio group, a halogen atom, a 
cyano group, a sulfamoyl group, a sulfonamino group, a 
carbamoyl group and an acylamino group. The alkyl group, 
the aryl group and the like each may further have a 
siibstituent . 

In formula (Y3) , Za represents -Mas, -dih- or -C(iai)=:, 
Zb and J5c each independently represents -M=a or -C(R11)», 
and Rll represents a hydrogen atom or a nonmetallic 
substituent. The nonmetallic substituent represented by 
Rll is preferably a cyano group, a cycloalkyl group, an 
aralkyl group, an aryl group, an alkyl thlo group, an 
arylthio group or an ionic hydrcphilic group. These 
svibstituents have the same meanings as the subst^tuents 
represented by Rl, respectively, and preferred examples are 
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also the same. Examples of the skeleton of the hetero- 
cyclic ring comprising two S-membered rings, contained in 
formula (Y3) , are shown b«&lottf* 




When the above-^described substituents each may 
further have a substituent, examples of the sutostituent 
include the substituents which may be substituted to the 
heterocyclic rings Ai^ and Bn in formula (Yl) . 

In the case whe^re the dyes represented by formulae 
(Y2) to (Y4) are used as a water-soluble dye, the dj^e 
preferably contains at least one ionic* hydrophilic group 
within the molecule . Examples thereof include dyes where 
at least one of Rl, R2, R3, R5, R7, R8 and R9 in formulae 
(Y2) to (Y4) is an ionic hydrophilic group, and c^es where 
Rl to Rll in formulae <Y2) to <Y4) each further has an 
ionic hydrophilic group as a substitueixt , 

Among the dyes represented by formulae {Y2) , (Y3) and 
(Y4) , preferred is the dye represented by formula <y2) , and 
more preferred is a dy-e represented by the following 
formula (Y2-1) : 
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wherein R and R each representis a hydrogen atom, an 
alkyl grovp, a cycloalkyl group, an aralkyl group, an 
alkoxy group or an aryl- group, R*? represents an aryl group 
or a heteroayclic group, one of X and Y rapxesenta a 
nitrogen atom and another represents -CR^* (wherein R^* 
represents a hydrogen atom, a halogen atom, a cyano group, 
an alkyl group, an alkyl thio group, an alkylsulfonyl group, 
an alfcylaulfinyl group, an alkyloxycarbonyl group, a. 
carbamoyl group/ an alkoxy group, an aryl group, an 
aryl thio group, an arylsulfonyl group, an arylsulfinyl 
group, an aryloxy group or an acylaxnino group) . These 
substituents each may be further substituted. 

In formula (Y2-1) , a dye having an ionio hydrophilic 
group is pref©rr<^d» 

Specific examples of preferred dyes for use in the 
present invention are set forth below, however, the dye for 
use in the present invention is not limited to the 
following specific examples. These compounds can be 
synthesiaced by referring to JP-A-2001-279145 
and Japanese Patent Application Ho. 2000-124832. 
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The Inkjet recording ink of the present invention is 
obtained by dissolving and/or dispersing at least one of 
the above-described yellow dyes in an aqueous medium and 
preferably contains the yellow dye in an amount of 0,2 to 
20 mass%, more preferably from 0,5 to 15 maas%. 

The ink containing the betaine compound preferably 
contains no polymer fine particle. 

The yellow dye for use in the present invention 
contains an ionic hydrophilic group and is substantially 
water-soluble . The "substantially water-soluble" means 
that the dye dissolves in an amount of 2 mass% or more in 
water at 20*'C. 

The black dye for use in the present invention is 
described in detail below • 

In the black ink for inkjet recording of the present 
invention, a dye (L) having Amax in the region from 500 to 
700 nm and having a half -value width (WX1/2) of 100 nm or 
more (preferably from 120 to 500 nm, more preferably from 
120 to 350 nm) in the absorption spectrum of a dilute 
solution standardized to an absorbance of 1,0 is used. 

In the case where the dye (L) by itself can realize 
"(good non-loosening) black" (that is, black which is not 
dependent on the light source at the observation and less 
susceptible to stress of any one color tone of G and R) 
with high image quality, this dye inay be used alone as the 
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dye for black ink. However, in general, a dye for covering 
the region where the dye (L) has low absorption is usually 
used in combination. A dye {S> having main absorption in 
the yellow region is preferably used in cottibination. The 
black ink m^y also be produced by using other dye© in 
combination - 

In the present invention, the above-described dye 
alone or in combination with other dyes is dissolved or 
dispersed in an aqueous medium to prepare the black ink and 
in order to satisfy tho performances preferred as the black 
ink for Inkjet recording, namely, 1) the weather resistance 
is excellent and/or 2) the balance of black is not 
disrupted even after color fading, an ink satisfying the 
following conditions is produced. 

A black square symbol of JIS code 2223 is printed in 
a 48-point size by using the black ink and the reflection 
density (Dvis) measured through a Status A filter (visual 
filter) is defined as the initial density. Examples of the 
reflection densitometer having mounted thereon a Status A 
filter include x-Rite Densitometer. Here, in the case of 
measuring the density of "black", the measured value of Dvi^ 
is used as the standard observed reflection density. This 
printed matter is enforcedly discolored by using an ozone 
discoloration tester capable of always generating 5 ppm of 
ozone and the enforced discoloration rate constant (kvm) is 
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determined according the relational formula "0.8= 
expl-kvis-t) " from the time period (t) until the reflection 
density (Dvi=) decreases to 80% of the initial reflection 
density value. 

In the present invention , an ink of giving an 
enforced discoloration rate constant (kvis) of 5.0x10"^ 
[hpur-^l or less, preferably 3.0x10"^ [hour"^] or less, more 
preferably 1.0x10*^ [hour"*] or less, is produced {condition 
1) - 

Also, ^ black square symbol of JIS code 2223 is 
printed in a 48-point size by using the black ink and the 
reflection densities (Dr, Da, D^) of three colors of C 
(cyan) , M (magenta) and Y (yellow) , which are not Dvi^ but 
density values obtained by measuring the printed matter 
through a Status A filter, are defined as the initial 
densities. Here, <Dr, Dg, Db) indicate (C reflection 
density by red filter, M reflection density by green filter^ 
Y reflection density by blue filter) , This printed matter 
is enforcedly discolored by using an ozone discoloration 
tester capable of always generating 5 ppm of oaone 
according to the above-described method and the enforced 
discoloration rate constants (k^, k©, ks) are determined 
similarly from the time period until the reflection 
densities (Dr, D^, Db) decrease to 80% of respective initial 
density values. When the ratio (R) of the maximum value to 
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the minimum value in these three enforced discoloration 
rate constants is determined (for exan^le^ in the case 
where ka is a maximum value and ka is a minimum value, 
Rwkn/ko) , an ink of giving a ratio (R) of 1.2 or less , 
preferably 1,1 or leas, mote preferably 1.05 or less, is 
produced (condition 2) . 

Incidentally, the "printed matter obtained by 
printing a black square symbol of JIS code 2223 in a 48- 
point size" used above i» an image printed in a size large 
enough to cover the aperture of the densitoinetar and 
thereby give a sufficiently large size for the measurement 
of density. 

At least one dye used in the black ink has an 
oxidation potential nobler than 1.0 V (vs SCB) , preferably 
nobler than 1.1 v (vs SCE) , more preferably nobler than 
1.15 V (vs SCB), and most preferably nobler than 1.25 V (vs 
SCE), and at least one of the dyes preferably has Xroax of 
500 rnn or more (condition 3) . 

The oxidation potential used in the present invention 
is a value measured in N,N-diroethylforroamide (concentration 
of compound: 1x10"^ mol-dm"^) containing 0.1 mol-drn'^ of 
tetrapropylammonium perchlorate as the supporting 
electrolyte by using SCE (saturated calomel electrode) as 
the reference •leotrode, a graphite electrode as the 
working electrode and a platinum electrode aa the counter 
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electrode. in the case of a water-soluble dye, the dye is 
sometimes hardly dissolved directly in N,N- 
dime thy irorrnamide. In such a case, the oxidation potential 
is measured after dissolving the dye by using water in a 
siuall amount as much as possible and then diluting it with 
N^N-dimethylformamide to have a water content of 2% or less 

The oxidation potential value sometimes deviates on 
the order of tens of millivolt due to the effect of liquid 
junction potential, liquid resistance of sample solution, 
or the like, but tlie reproducibility of the potential value 
measured can be guaranteed by calibration using a standard 
sample (for example, hydroquinone) • 

The black ink for use in the present invention is 
preferably an azo dye represented by formula (BKl) shown 
below. The azo dye represented by formula <BK1) include® 
those coming under the dye (I*) having Xmax in the region 
from 500 to 700 nm and having a half-value width of 100 nm 
or more in the absorption spectrum of a dilute solution 
standardized to an absorbanc© of 1.0. Other than these, a 
dye (S) having Xmax in the region from 350 to 500 nm ia 
also included in the dye represented by formula <BK1) . An 
ink where at least one dye (I^) is the dye of formula (BKl) 
is preferred, an ink where at least one dye (L) and at 
least one dye {S> are the dye of formula (BKl) is more 
preferred, and an ink where 90 mass% of all dyes in the ink 
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is occupied by the dye of formula (BKl) is still more 
preferred (condition 4) . 
Formula (SKI) : 

A4 — N=N — 84 — N = N— C4 

The black ink for use in the present invention is a 
black ink satisfying at least one of these conditions 1 to 
4. 

Of the dyes represented by fomuala (BKl) , the dye 
coming under the dye (L) is described ia detail below. 

In formula (BPQ) , A^, B4 and C4 each independently 
represents an aromatic group which may be substituted or a 
heterocyclic group which may be substituted (A4 and each 
is a monovalent group and B4 is a divalent group) . 

A compound where m and n each is 1 or 2 is preferred 
and in this case, at least two or more of B4 and C4 are 
preferably an unsaturated heterocyclic group which may be 
substituted, in particular, a compound where m and n are 1 
and at least B4 and C4 are an unsaturated heterocyclic 
group is more preferred. 

The azo dye represented by formula (BKl) is 
preferably a dye represented by the following formula 
(BK2} : 
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Formula (BK2) : 




wherein A4 and B4 have the same meanings as in formula 
(BKl) , 

Bn and 842 each represents =CRi- or -CR&= or either 
one of B41 and B42 represents a nitrogen atom and the other 
rapreseiits «CRi~ or -CR2=', 

G4i^ Ri and R2 each independently represents a 
hydrogen atom, a halogen atc»n, an aliphatic group, an 
aromatic group, a heterocyclic group, a cyan© group, a 
carboxyl group, a carbamoyl group, an alkoxycarbonyl group, 
an aryloxycarbonyl group, a heterocyclic oxycarbonyl group, 
an acyl group, a hydroxy group, an alkoxy group, an aryloxy 
group, a heterocyclic oxy group, a silyloxy group, an 
acyloxy group, a carbamoyloxy group, an alkoxycarbonyloxy 
group, an aryloxycarbonyloxy group, an amino group 
(incltading an alkylamino group, an arylamino group and a 
heterocyclic amino group), an acylamino group, a ureido 
group, a sulfamoylamino group, an alJcoxycarbonylamino group, 
an aryloxyeatbonylamino group, an alkylsulfonylamino group, 
an arylsulfonylamino group, a heterocyclic sulfonylatnlno 
group, a nitro group, an alkylthio group, an arylthio group, 
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a heterocyclic thio group, an alkyisulf onyl group, an 
arylsulfonyl group, a heterocyclic sulfonyl group, an 
alkylsulfinyl group, an arylsulfinyl group, a heterocyclic 
sulfinyl group, a sulfaxnoyl group or a sulfo group, and 
each garoup may be further substituted, 

R5 and Rfi each independently represents a hydrogen 
atom, an aliphatic group, an aromatic group, a heterocyclic 
group, an acyl group, an alfcoxycarbonyl group, an aryloxy- 
carbonyl group, a carbamoyl group, an alkylsulfonyl group, 
an arylsulfonyl group or a ©ulfamoyl group, and (»adh group 
may further have a substituent, provided that R5 and Re are 
not a hydrogen atcan at the same time, and 

Ri and R5, or Rg and Re may combine to form a S- or 6- 
membered ring. 

The aao dye represented by formula (BK2) is more 
preferably a dyes represented by the following formulae 
(BK3-1) and (BK3-2) : 

Formula (BK3-1) : 




18S 



Formula (BK3-2) : 




wherein R7 and Re each has the same meaning as Rj in formula 
(BK2> . 

The halogen atom includes a fluorine atom, a chlorine 
atom and a bromine atom. The aliphatic group means an 
alkyl group, a substituted alkyl group, an alkenyl group, a 
substituted alkenyl group, an alkynyl group, a substituted 
alkynyl group, an aralkyl group and a substituted aralkyl 
group. The aliphaUc group may fee branched or may form a 
ring. The number of carbon atoms in the aliphatic group is 
preferably from 1 to 20, more preferably from 1 to 16. The 
aryl moiety in the aralkyl group and the substituted 
aralkyl group is preferably phenyl or naphthyl, more 
preferably phenyl. Examples of the aliphatic group include 
a methyl group, an ethyl group, a butyl group, an isopropyl 
group, a tert-butyl group, a hydroxyethyl group, a 
methoxyethyl group, a cyanoethyl group, a trifluoromethyl 
group, a 3-sulfopropyl group, a 4-sulfobutyl group, a 
cyclphexyl group, a benzyl group, a 2-phenethyl group, a 
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vinyl group and an allyl group. 

The monovalent aromatic group means an aryl group and 
a substituted aryl group. The aryl group is preferably a 
phenyl group or a naphthyl group, more preferably a phenyl 
group. The number of carbon atoms in the monovalent 
aromatic group is preferably from 6 to 20, more preferably 
from 6 to 16. Exair^les of the monovalent aromatic group 
include a phenyl group, a p-tolyl group, a p-methoxyphenyl 
group, an o-chlorophenyl group and an m- {3'-su^fopropyl- 
amino>phenyl group. The divalent aromatic group 1$ a 
divalent form of these monovalent aromatic groups and 
examples thereof include a phenyl ene group, a p-tolylene 
group, a p-methoxyphenylene group, an o~chlorophenylene 
group, an m- (3-sulfopropylamino)phenylene group and a 
naphthylene group. 

The heterocyclic group includes a heterocyclic group 
having a substituent and an unsubstxtuted heterocyclic 
group. The heterocyclic ring may be condensed with an 
aliphatic ring, an aromatic ring or another heterocyclic 
ring. The heterocyclic group is preferably a 5- or 6- 
membered heterocyclic group. Examples of the heteroatom in 
the heterocyclic ring include N, O and Examples of the 

substituent include an aliphatic group, a halogen atom, an 
alkylsulfonyl group, an arylsulfonyl group, an acyl group, 
an acylamino group, a sulfamoyl group, a carbamoyl group 
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and an ionic hydrophilic group. Examples of the hetero- 
cyclic ring used in the monovalent or divalent heterocyclic 
group include a pyridine ring^ a thiophene ring, a thiazole 
ring, a benzothlazole ring, a benzoxazole ring and a furan 
ring. 

The carbamoyl group includes a carbamoyl group having 
a substituent and an unsubstituted carbamoyl group. 
Examples of the substituent include an alkyl group* 
Examples of the carbamoyl group include a methylcarbamoyl 
group and a dimethylcarbamoyl group. 

The alkoxycarbonyl group includes an alkoxycart>onyl 
group having a substituent and an unsubstituted alkoxy- 
carbonyl group. The alkoxycarbonyl group is preferably an 
alkoxycarbonyl group having from 2 to 20 carbon atoms. 
Examples of tho substituent include an ionic hydrophilic 
group. Examples of the alkoxycarbonyl group include a 
methoxycarbonyl group and an ethoxycarbonyl group. 

The aryloxycarbonyl group includes an aryloxycarbonyl 
group having a siibstituent and an unsubstituted aryloxy- 
carbonyl group. The aryloxycarbonyl group is preferably an 
aryloxycarbonyl group having from 7 to 20 carbon atoms. 
Examples of the substituent include an ionic hydrophilic 
group, Exanqples of the aryloxycarbonyl group include a 
phenoxycarbonyl group. 

The heterocyclic oxycarbonyl group includes a 
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heterocyclic oxyc^rbonyl group having a substituent and an 
unsubstituted heterocyclic oxycarbonyl group. The 
heterocyclic oxycarbonyl group is preferably a heterocyclic 
oxycarbonyl group having from 2 to 20 carbon atoms. 
Examples of the substituent include an ionic hydrophilic 
group. Examples of the heterocyclic oxycarbonyl group 
include a 2-pyridyloxycarbonyl group. 

The acyl group includes an acyl group having a 
substituent and an unsubstituted acyl group. The acyl 
group X9 preferably an acyl group having from 1 to 20 
carbon atoms. Examples of the substituent include an ionic 
hydrophilic group. Examples of the acyl group include an 
acetyl group and a benzoyl group. 

The alkoxy group includes an alkoxy group having a 
substituent and an unsubstituted alkoxy group. The alkoxy 
group is preferably an alkoxy group having from 1 to 20 
carbon atoms. Examples of the substituent include an 
alkoxy group, a hydroxyl group and an ionic hydrophilic 
group- examples of the alkoxy group include a methoxy 
group, an ethoxy group, an ieopropoxy group, a methoxy- 
ethoxy group, a hydroxyethpxy group and a 3-carboxypropoxy 
group . 

The aryloxy group includes an aryloxy group having a 
substituent and an unsubstituted aryloxy group. The 
aryloxy group is preferably an aryloxy group having from 6 
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to 20 carbon atoms. Examples of the substituent include an 
alkoxy group and an ionic hydrophilic group. Examples of 
the aryloxy group include a phenoxy group, a p--methoxY- 
phenoxy group and an o-methoxyphenoxy group. 

Tho heterocyclic oxy group includes a heterocyclic 
oxy group having a substituent and an unsubstituted 
heterocyclic oxy group. The heterocyclic oxy group is 
preferably a heterocyclic oxy group having from 2 to 20 
carbon atoms. Examples of the substituent include an alfcyl 
group, an alkoxy group and an ionic hydrophilic group. 
Examples of the heterocyclic oxy group include a 3- 
pyridyloxy group and a 3-thienyloxy group. 

The silyloxy group is preferably a silyloxy group 
substituted by an aliphatic or aromatic group having from 1 
to 20 carbon atoms. Exanipl^s of the silyloxy group include 
a trimethyl silyloxy group and a diphenylmethyl silyloxy 
group - 

The acyloxy group includes an acyloxy group having a 
substituent and an unsubstituted acyloxy group. The 
acyloxy group is preferably an acyloxy group having from 1 
to 20 carbon atoms. Examples of the substituent include an 
ionic hydrophilic group. Examples of the acyloxy group 
include an acetoxy group and a benzoyl oxy group. 

The carbamoyloxy group includes a carbamoyloxy group 
having a substituent and an unsubstituted carbamoyloxy 
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group. Exaii^>leE of the substituent include an alkyl group. 
Exaitrples of the carbamoyloxy group include an N-methyl- 
carbamoyl oxy group. 

The alkoxycarbonyloxy group includes an alkoxy- 
oarbonyloxy group having a substituent and an un^ubstituted 
alkoxycarbonyloxy group. The alkoxycarbonyloxy group is 
preferably an alkoxycarbonyloxy group having from 2 to 20 
carbon atoms. Exainples of the alkoxycarbonyloxy group 
include a methoxycarbonyloxy group and an isopropoxy- 
oarbonyloxy group. 

The aryloxycarfaonyloxy group includes an aryloxy- 
carbonyloxy group having a substituent and an unsubstituted 
aryloxycarbonyloxy group. The aryloxycarbonyloxy group is 
preferably an aryloxycarbonyloxy group having from 7 to 20 
carbon atoms. Examples of the aryloxycarbonyloxy group 
include a phenoxycarbonyloxy group. 

The amino group includes an amino group substituted 
by an alkyl group, an aryl group or a heterocyclic group, 
and the alkyl group, the aryl group and the heterocyclic 
group each may further have a substituent. The alkylamino 
group is preferably an alkylamino group having from 1 to 20 
carbon atoms. Examples of the substituent include an ionic 
hydrophilic group. Examples of the alkylamino group 
includ© a raethylamino group and a diethylamino group. 

The arylamino group includes an arylamino group 
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having a siibstituent and an vinsubstituted arylamino group. 
The arylamino group is preferably an arylamino group having 
from 6 to 20 carbon atoms. Examples of the subdtituent 
include a halogen atom and an ionic hydrophilic group. 
Examples of the arylamino group include an anilino group 
and a 2-chlorophenylamino group, 

The heterocyclic amino group includes a heterocyclic 
amino group having a substituent and an unsubstituted 
heterocyclic amino group. The heterocyclic amino group Lb 
preferably a heterocyclic amino group having from 2 to 20 
carbon atoms. Examples of the substituent include an alkyl 
group, a halogen atom and an ionic hydrophilic group. 

The acylamino group includes an acylamino group 
having a substituent and an unsubstituted acylamino group. 
The acylamino group is preferably an acylamino group having 
from 2 to 20 carbon atoms. Examples of the substituent 
include an ionic hydrophilic group. Exan^les of the 
acylamino group include an acetylamino group, a propionyl- 
amino group ^ a benaoylamino group, an N-phenylacetylamino 
group and a 3, 5-diBulfobenzoylamino group. 

The ureido group includes a ureido group having a 
substituent and an unsubstituted ureido group. The ureido 
group is preferably a ureido group having from 1 to 20 
carbon atoms. Examples of the substituent Include an alkyl 
group and an aryl group. Examples of the ureido group 
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include a S^methylureido group, a 3, 3^dimethylureido group 
and a 3-phenylureido group. 

The sulfamoyl amino group includes a sulf amoylamino 
group having a substituent and an unsubstituted sulfamoyX- 
amino group. Examples of tha subatituent include an alkyl 
group. Examples of the sulfamoylamino group include an 
N f N-dipropylsul f amoylamino group * 

The alkoxycarbonylamino group includes an 
alkoxycarbonylamino group having a siibstituent and an 
unaub^tituted alkoxycarbonylamino group » Th^ alkoxy- 
carbonylamino group is preferably an alkoxycarbonylamino 
group having from 2 to 20 carbon atoms. Exair^les of the 
substituent Include an ionic hydrophilic group. Examples 
of the alkoxycarbonylamino group include an ethoxycarbonyl- 
amino group. 

The aryloxycarbonylamino group includes an aryloxy- 
carbonyl amino group having a substituent and an 
unsubstituted aryloxycarbonylamino group. The aryloxy- 
carbonylamino group is preferably an aryloxycarbonylamino 
group having from 7 to 20 carbon atoms, Exait^ples of the 
substituent include an ionic hydrophilic group. Examples 
of the aryloxycarbonylamino group include a phenoxy- 
carbonylamino group. 

The alkylsulfonylamino group includes an 
alkylcjulfonylamino group having a substituent and an 
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unsubstitiulied alkYlsulfonylainino group, and the aryl- 
sulfonylamino group includes an arylsuifonylamino group 
having a substituent and an unsubstituted arylsuifonylamino 
group. The sulfonylamino group is preferably a sulfonyl- 
amino group having from 1 to 20 carbon atoms. Examples of 
the substituent include an ionic hydrophilic group. 
Examples of these sulfonylamino groups include a methyl- 
sufonylamino group, an N-phenyl-methylsulfonylamino group, 
a phenyl suifonylarolno group and a S-carboxyphenyl- 
sulfonylamino group. 

The heterocyclic sulfonylamino group includes a 
heterocyclic sulfonylamino group having a substituent and 
an unsubstituted heterocyclic sulfonylamino group. The 
heterocyclic ©ulfonylamino group is preferably a hetero- 
cyclic sulfonylamino group having from 1 to 12 carbon atoms. 
Examples of the substituent include an ionic hydrophilic 
group* Examples of the heterocyclic sulfonylamino group 
include a 2-thiophenesulfonylamino group and a 3- 
pyridin^sulfonylaroino group. 

The heterocyclic sulfonyl group includes a hetero- 
cyclic sulfonyl group having a substituent and an 
unsubstituted heterocyclic sulfonyl group. The hetero- 
cyclic sulfonyl group is preferably a heterocyclic sulfonyl 
group having from 1 to 20 carbon atoms. Examples of the 
substituent include an ionic hydrophilic group. Examples 
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of the heterocyclic sulfonyl group include ^ 2-thiophene- 
sulfonyl group and a 3-pyridinesulfonyl group . 

The heterocyclic sulfinyl group includes a hetero- 
cyclic sulfinyl group having a substituent and an 
un^5ub©tituted hetarooyolio sulfinyl group. The hetero- 
cyclic sulfinyl group is preferably a heterocyclic sulfinyl 
group having from 1 to 20 carbon atoms. Examples of the 
substituent include an ionic hydrophilic group* Examples 
of the heterocyclic sulfinyl group include a 4-pyridine** 
sulfinyl group. 

The alkylthio group includes include an alkylthio 
group having a substituent and an unsubstituted alkylthio 
group, the arylthio group includes an arylthio group having 
a substituent and an unsubstituted arylthio group, and thet 
heterocyclic thio group includes a heterocyclic thio group 
having a substituent and an unsubstituted heterocyclic thio 
group- The alkylthio group, the arylthio group and the 
heterocyclic thio group are preferably an alkylthio group 
having from 1 to 20 carbon atoms, an arylthio group having 
from 1 to 20 carbon atoms and a heterocyclic thio group 
having from 1 to 20 carbon atoms, respectively. Examples 
of the substituent include an ionic hydrophilic group . 
Examples of the alkylthio group, . arylthio group and 
haterocyclic thio group include a methylthio group, a 
phenyl thio group and a 2-pyridylthio group. 
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The alkylsulfonyl group includes an alkylsulfonyl 
group having a substituent and an unsubstituted 
alkylsulfonyl group, and the arylsulfonyl group includes an 
arylfiulfonyl group having a substituent and an 
unsubstituted arylsulfonyl group. Examples of the 
alkylsulfonyl group and arylsulfonyl group include a 
methyl sulfonyl group and a phenyl sulfonyl group. 

The alkylsulfinyl group includes an alkylsulfinyl 
group having a siobstituent and an unsubstituted 
alkylsulfinyl group, and the arylsulfinyl group includes an 
arylsulfinyl group having a substituent and an 
unsubstituted arylsulfinyl group. Exainples of the 

alkylsulfinyl group and arylsulfinyl group include a 
methyl sulfinyl group and a phenyl sulfinyi group. 

The sulfamoyl group includes a sulfamoyl group having 
a substituent and an unsubstituted sulfamoyl group. 
Examples of the substituent include an alkyl group. 
Examples of the sulfamoyl group include a dimethyl sulfamoyl 
group and a di- {2-hydroxyethyl> sulfamoyl group. 

Formulae <BKX) , <BK2) and (BK3> are described below. 

In the following, those described above for each 
group or substituent also apply. 

m formula (BKl) , A^, B4 and C4 each independently 
represents an aromatic group (A4 and C4 are a monovalent 
aromatic group such as aryl group, and B4 is a divalent 
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aromatic group such as arylene group) which may be 
s\ibstituted, or a heterocyclic group (A4 and C4 are a 
monovalent heterocyclic group and B4 is a divalent 
heterocyclic group) which may be substituted. Examples of 
thQ aromatic ring include a benzene ring and a naphthalene 
ring. Examples of the heteroatom in the heterocyclic ring 
include Q and s. The heterocyclic ring may be condensed 
with an aliphatic ring, an aromatic ring or another 
heterocyclic ring* 

The substituent may be an aryiazo group or a hetero- 
cyclic azo group. Thus, the dye represented by the formula 
(BKl) includes -tris azo dyes and tetrakis azo dyes in its 
scope . 

At least two o£ 84 and C4 are preferably a hetero- 
cyclic group, 

The heterocyclic group represented by C4 is 
preferably an aromatic ni trogen^containing 6— membered 
heterocyclic group represented by the following formula 
(BK4) » When C4 is an aromatic nitrogen -containing 6- 
membered heterocyclic group represented by formula <BK4) , 
formula (BKl) corresponds to formula <BK2) . 
Formula (BK4) : 
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In formula (BK4) , B41 and B42 each represents =CRi- 
or -CR2= or either one of B41 and B42 represents a nitrogen 
atom and the other represents =CRj- or -CR^-, B41 and 843 
each is preferably «»CRi- or -CRa^. 

Ra and each independently represents a hydrogen 
atom, an aliphatic group, an aromatic group, a heterocyclic 
group, an acyl group, an alkoxycarbonyl group, an 
aryloxycarbonyl group, a carbamoyl group, an alkylsulfonyl 
group, an arylsulfonyl group or a sulfamoyl group, and each 
group may further have a sutostituent. The substituent 
represented by Ra and R« is preferably a hydrogen atom, an 
aliphatic group, an aromatic group, a heterocyclic group, 
an acyl group, an alkylsul£onyl group or an arylsulfonyl 
group, mor® preferably a hydrogen atom, an aromatic group, 
a heterocyclic group, an acyl group, an alkylsulfonyl group 
or an arylsulfonyl group, and most preferably a hydrogen 
atom, an aryl group or a heterocyclic group, and each group 
may further have a substituent. However, Ra and R^ are not 
a hydrogen atom at the same time. 

Ri and R^ each independently represents a 
hydrogen atom, a halogen atom, an aliphatic group, an 
aromatic group, a heterocyclic group, a cyano group, a 
carboscyl group, a carbamoyl group, an alkoxycarbonyl group, 
an aryloxycarbonyl group, a heterocyclic oxycarbonyl group, 
an acyl group, a hydroxy group, an alkoxy group, an aryloxy 
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group, a heterocyclic oxy group, a silyloxy group, an 
acyloxy group, a carbamoyloacy group, an alkoxycarbonyXoxy 
group, an aryloxycarbonyloxy group, an amino group 
(including an alkylainino group, an arylamino group and a 
heterocyclic amino group) , an acylamino group, a ureido 
group, a sulfamoylamino group, an alkoxycarbonylantino group, 
an aryloxyearbonyl amino group, an alfcylsulfonylamino group, 
an arylsulfonylamlno group, a heterocyclic sulfonylamino 
group, a nitro group, an alkylthio group, an arylthio group, 
a heterocyclic thio group, an alkylsulfonyl group, an 
arylsulfonyl group, a heterocyclic sulfonyl group, an 
alkylsulfinyl group, an arylsulfinyl group, a heterocyclic 
sulfinyl group, a sulfamoyl group or a «ulfo group, and 
each group may be further substituted. 

The substituent represented by is preferably a 

hydrogen atom, a halogen atom, an aliphatic group, an 
aromatic group, a hydroxyl group, an alkoxy group, an 
aryloxy group, an acyloxy group, a heterocyclic oxy group, 
an amino group (including an alkylamino group, an arylamino 
group and a heterocyclic amino group) , an acylamino group, 
a ureido group, a sulfamoylamino group, an alkoxycarbonyl- 
amino group, an aryloxycarbonylamino group, an alkylthio 
group, an arylthio group or a heterocyclic thio group, more 
preferably a hydrog«n atom, a halogen atom, an alkyl group, 
a hydroxy group, an alkoxy group, an aryloxy group, an 
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acyloxy group, an amino group (including an alkylamino 
group, an arylamino group and a heterocyclic amino group) 
or an acylamino group, and most preferably a hydrogen atom, 
an anllino group or an acylamino group, and each group may 
further have a substituent. 

The substituents represented by Ra and Rg each is 
preferably a hydrogen atom, an alkyl group, a halogen atcnn, 
an alkoxycarbonyl group, a carboxyl group, a carbamoyl 
group, a hydroxy group, an alkoxy group or a cyan© group, 
and each group ragy further have a substituent, 

Ri and R5, or Rs and R« may cojnbine to form a 5- or S- 
membered ring. 

When the substituents represented by A,, Rj, Rg, 
R« and G41 each further has a substituent, examples of the 
substituent include the substituents described above for 
G41, Ri and R2. Also, an ionic hydrophilic group is 
preferably further present as a substituent on any one 
position of A4, Ri, R2, Rs, Re and Gu. 

Examples of th« ionic hydrophilic group as a 
substituent include a sulfo group, a carboxyl group, a 
phosphono group and a quaternary ammonium group. Among 
these ionic hydrophilic groups, preferred are a carboxyl 
group, a phosphono group and a sulfo group, more preferred 
are a oarboxyl group and a sulfo group. The o&rboxyl group, 
the phosphono group and the sulfo group each may be in a 
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salt state and examples of the counter ion for forming the 
salt include an ainmonium ion, alkali metal ions (e.g., 
lithitim ion, soditim ion, potassium ion) and organic cations 
(a.g. , tetramethylaromonium ion, tetrainethylguanidium ion, 
tetramethylphosphonium) , 

When B4 has a ring structure, preferred exaniples of 
the heterocyclic ring include a thiophene ring, a thiazole 
ring, an inddazole ring, a benzothiazole ring and a 
thienothiazole ring. Each heterocyclic group may further 
have a substituent. Among these heterocyclic rings, a 
thiophene ring, a thiazole ring, an imidazole ring, a 
benzothiazole ring and a thienothiazole ring represented by 
the following formulae (a) to (e> are preferred. when 
m-n«l and when B4 is a thiophene ring represented by 
formula (a) and c< is a structure represented by foiroula 
(4) , formula (BKl) corresponds to formula (BK3) . 



(a) 



<b) 
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(c) 



(e) 




^12 




wherein Rs to R17 each represents a substituent having the 
same meaning as G«i, Ri and Rs in formula (BK2} . 

In the present invention, particularly preferred is 
the structure represented by the following formulae (BK;5-1} 
and (BK5-2) : 

( B K 5 - 1) 



A4 



R4 — N 



\ 



(BK 5-r2) 
R7 



R4— N 



\ 
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In formulae (BK5-1) and (BK5-2) , R, has a saxm^ 
meaning as Rj of the formula (BK2) , and 2^ represents an 
electron-withdrawing group having a Haaimetfs substituent 
constant op value of 0.20 or more. Zi is preferably an 
electron-withdrawing group having a op value of 0.30 or 
more, more preferably 0.45 or more, still more preferably 
0.60 to more, but the op value preferably does not exceed 
1.0. Specific preferred examples of this substituent 
include electron-withdrawing substituents described later. 
Among those, preferred are an acyi group having from 2 to 
20 carbon atoms, an alkyloxycarbonyl group having from 2 to 
20 -carbon atoms, a nitro group, a cyano group, an 
arlkylsulfonyl group having from 1 to 20 carbon atoms, an 
arylsulfonyl group having from 6 to 20 carbon' atoms, a 
carbamoyl group having from 1 to 20 oarb<w> atoms and a 
halogenated alkyl group having from 1 to 20 carbon atoms, 
more preferred are a cyano group, an alkylsulfonyl group 
having from 1 to 20 carbon atoms and an arylsulfonyl group 
having from 6 to 20 carbon atoms, and most preferred is a 
cyano group. 

Ri/ Rz/ Rs and have the same meanings as in formula 
(BK2). Ra and R4 each independently represents a hydrogen 
atom, an aliphatic group, an aromatic group, a heterocyclic 
group, an acyl group, an alkoxycarbonyl group, an aryloxy- 
carbonyl group, a carbamoyl group, an alkylsulfonyl group, 
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an arylsulfonyl grpiap or a sulfamoyl group, preferably a 
hydrogen atom, an aromatic group, a heterocyclic group, an 
acyl group, an alkylsulfonyl group or an arylsulfonyl group, 
nwre preferably a hydrogen atom, an aroinatic group or a 
5 heterooyclic group. 

The groups described in regard to formula (BKS) each 
may further have a substituent. When these groups each 
further has a substituent, examples of the substituent 
include the substituent« described in regard to formula 
10 (BK2), the groups described as examples for G41, R» and Ra, 
and ionic hydrophilie groups. 

Here, the Hammett's substituent constant op value 
used in the present invention is described. The Hammett's 
rule is an empirical rule Mvoca ted by L.P. Hammett in 1935 
15 so as to quantitatively discuss the effect of substituent 
on the reaction or equilibri«„ of benzene derivatives and 
its propriety is widely admitted at present. The 
substituent constant determined by the Hammett's rule 
includes a op value and a am value and these values can be 
20 found in a large number of general publications but these 
-e described in detail, for example, i„ j.j,, 
(con^iler), Lange's Handbook of r>,^.,.^. 12th ed. , 
McGraw-Hill (1.79) , and l^gakuno Ryoilci .ch^.».... r..^.^ 
special number. No. 122, pp. 96-103, Nankodo (1979). m 
25 the present invention, each substituent is limited or 
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described by using the HaR»„ett. s aubstituent eonatant Op 
but this does not mean that the substituent is limited only 
to those having a known value which can be found in the 
abov^-described publications. Needless to say, the 
5 substituent includes substituents of which op value is not 
known in publications but whan a^asured based on the 
Han^netfs rule, falls within the range specified. 
Furthermore, although formulae (1) and (2) of the present 
invention include those which are not a benzene derivative, 
10 the value is used as a ,„easure for showing the electron 
effect Of the substituent irrespective of the substitution 
site. in the present invention, the o, value is used in 
this meaning, ... ... 

Exaxt^les of the electron-withdrawing group h^^ihg a 
15 . Hanm^tf s substituent constant a, value of b.eo or more 
include a cyano group, a nitro group, an alkylsulfonyl 
group (e.g., methanesulfonyl) and an aryl^ulfonyl group 
(e.g, , benzenesul£onyl ) . 

Examples of the electron -withdrawing group having a 
20 Han^etfs o, value of or more include, in addition to 

those described above, an acyl group (e.g., ^ 
alkoxycarbonyl group (e.g., dodecylo^carbonyl, , an 
aryloxycarbonyl group (e.g., m-chlorophenoxycarbonyl , , an 
alkylsulfinyl group (e.g., n-propylsulfinyl, , an aryl- 
25 sulfinyl group (e.g., phenylsulfinyl, , a sulfamoyl group 
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(e.g., N-ethylsulfamoyl, N,N-dimethyleulfamoyl) and a 
halogenated alkyl group (e.g., trifluoromethyl) . 

Exainples of the electron-withdrawing group having a 
Hammetf s substituent constant Op value of 0.30 or more 
include, in addition to those described above, an acyloxy 
group (e.g., acetoxy) , a carbamoyl group (e.g., n- 
Gthylcarbamoyl, N, N-dibutyl carbamoyl) , a halogenated aXkoxy 
group (e.g., trifluoromethyloxy) , a halogenated aryloxy 
group (e.g., pentafluorophenyloxy) , a sulfonyloxy group 
(®.ff., methylaulfonyloxy) , a halogenated alJcylthio group 
(e.g., difluoromethylthio) , an aryl group substituted by 
two or more electron-withdrawing groups having a ^ value 
of 0,15 or more (e.g., 2,4-dinitrophenyl, pentachloro- 
phenyl) and a heterocyclic ring (e.g., 2-benzoxazolyl, 2- 
benzothiazolyl, 1 -phenyl -2 -benzimidazolyl ) . 

specific examples of the electron-withdrawing group 
having a Cp Value of 0.20 or more include, in addition to 
those described above, a halogen atom. 

The preferred combination of substituents in the azo 
dye represented by formula (BK3) is described below. 
and R« each is preferably a hydrogen atom, an alkyl group, 
an aryl group, a heterocyclic group, a sulfonyl group or an 
acyl group, more preferably a hydrogen atom, an aryl group, 
a heterocyclic group or a sulfonyl group, and most 
preferably a hydrogen atom, an aryl group or a heterocyclic 
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group. However, Rs and are not a hydrogen atom at the 
same time. 

G41 is preferably a hydrogen atom, a halogen atom, an 
alkyl group, a hydroxyl group, an amino group or an 
acylamino group, mote preferably a hydrogen atom, a halogen 
atom, an amino group or an acylamino group, and most 
preferably a hydrogen atom, an amino group or an acylamino 
group. 

tU is preferably an aromatic group, a pyridine ring, 
a pyrazole ring, an imidazole ring, an isothiaaole ring, a 
benaisothiazole ring, a thiadiazole ring, a thiazole ring, 
a benzothiazole ring or a triazole ring, more preferably an 
aromatic group, a pyridine ring, an isothiazole ririg; a 
benzlsothiazole ring, a thiadiazole ring or a benzothiazole 
ring, and most preferably an aromatic group > a pyridine 
ring or a benzothiazole ring. 

B„ and B„ each is =CRi- or -CR2=, and R^ and each 
is preferably a hydrogen atom, an alkyl group, a halogen 
atom, a cyano group, a carbamoyl group, a carboxyl group, a 
hydroxyl group, an alkoxy group or an alkoxycarbonyl group, 
more preferably a hydrogen atom, an alkyl group, a carboxyl 
group, a cyano group or a carbamoyl group. 

As for the preferred combination of substituents in 
the compound represented by formula (BKl) , a compound where 
at least one of various substituents is the preferred group 
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is preferred, a compound where a larger nuinb«r of various 
substituents are the preferred groups is more preferred, 
and a compound v*ere all substituents are the preferred 
groups is most preferred. 

Specific extunples of the azo dye represented by 
foxmula (BKl) are set forth below, however, the a^o dye for 
use in the present invention is not limited to those set 
forth below. The carboxyl group, the phosphono group and 
the sulfo group each may be in a salt state and examples of 
the counter ion for forndng the .alt Include an anononium 
ion, alkali metal ions (e.g,, Uthium ion, spdiun, Aon, 
potassium ion) and organic cations (e.g., tetramethyl- 
ammonium ion, tetramethylguanidium ion, tetramethyl- 
phosphoniuiR) . 
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tTabae 27] A-N = N-B — N=N~C 
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[Table 28] 
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[Table 29] 

A— N=N— B— N = N— C 
A B C 
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(Table 31] 
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(Table 32] 



A— N=N— B — N=N— C 
A B C 
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The dyes represented by formulae (BKl) , (BK2) , (BK3) 
and (BK5) can be synthesized by a coupling reaction of a 
diaao cwnponent and a coupler. As the main synthesis 
method, the method described in Japanese Patent Application 
No. 2002-113460 can be used. 

In the erase where the dye <I.) by itself can realize 
"(good non-loosening) blae3e" (that is, black which is not 
dependent on the light source at the obsejrvation and less 
susceptible to stress of any one color tone of B, G and R> 
with high image quality, this dye may be used alone as the 
dye for black ink, however, xn general, a dye for covering 
the region where the dye (L) has low absorption is usually 
used in combination. A dye or pigment having main 
absorption in the yellow region is usually used in 
combination to realize the preferred black. As the yellow 
dye, commonly employed direct dyes, acid dyes and the like, 
representatively azo dyes and azomethine dyes, can be used. 
As the pigment, an aqueous dispersion of a general pigment 
having a pigment number can be used in conibination . in 
particular, a dye represented by formula (BKl) is 
preferably used as the short-wave dye (S) described above. 

Among the dyes represented by formula (BKl) , an azo 
dye represented by the formula (Yl) is preferred as the 
short-wave dye (S) . At this time, and Bii each is 

preferably a heteroaromatic ring. An azo dye represented 
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by the formula (BKl)is next preferred. 

In either case, the dye preferably has an oxidation 
potential (Box) of 1.0 V (vs SCfi) , more preferably I.IS V 
(vs SCE) . 

In the black ink, at least two long-wave dy©« can 
also be used in combination. 

Furthermore, the black ink can also be produced by 
using other dyes in combination. 

The black ink for Inkjet recording of the present 
invention contains the dye of formula (BKl) in an aaiount of 
0.2 to 25 mass%, preferably from 0,5 to IS mass%,- based on 
the entire ink . 

For the dye having Xmax in the region from 350 to -500 
ran, a yellow dye or pigment described later can b^ ' also 
used. ■ • •• 

The black dye for use in the present invention is 
substantially soluble or dispersible in water. in 
particular, the ink composition containing the black dye of 
the present invention i» preferably a solution-type ink 
composition where the dye contains an ionic hydrophilio 
group and is substantially water-soluble. More 
specifically, the solubility of the dye in water at 20'C is 
preferably 2 mass% or more, more preferably S mass« or more. 
The "substantially water-soluble" means that the dye 
dissolves in an amount of 2 mas8% or more in water at 20''c. 
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The ink containing the betaine comppund preferably 
contains no polymer fine particle. 

The dyes other than the black dye for use in the 
pres€mt invention are preferably a substantially water- 
solubl« or water-diapersible dy®. More specifically, the 
solubility of the dye in water at 20"^ is preferably 2 
inass% or inore, more preferably 5 inass% or more. 

In the case of producing two or more inks, on© ink 
may be produced as a light-type ink and another may be 
produced as a thick ink. In tha present invention, these 
inks can be separately produced or ink ccanposltions having 
almost the same concentration can also be produced. 

Examples of the dye which . can be used other than the 
black ink include dyes known in this field, such as 
triarylinethane dye, anthraquinone dye, anthrapyridone dye, 
azoroathine dye, azo dye, cyan dye, merocyanine dye and 
oxonol dye, and these dyes can be used individually or in 
combination (preferably in combination of giving a black 
dye) . Among these, azo dyes are preferred. 

Specific examples of the dye include, as the y«llow 
dye, aryl- or heteryl-azo dyes having a phenol, a naphthol, 
an aniline, a pyrazolone, a pyridone or an open chain-type 
active methylene compound as the coupling con«»onent; 
azoiBethine dyes having an open chain-type active methylene 
compound as the coupling component; methine dyes such as 
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benzylidene dye and monomethine oxonol dye; and quinone- 
base dyes such as naphthoquinone dye and anthraquinone dye. 
Other examples of the dye species include quinophthalone 
dye, nitro-nitroso dye, acridine dye and acridinone dye. 

5 These dyes may be a dy« which provides a yellow color for 
the first time when a part of the chromophore is 
dissociated. In this case, the counter cation may be an 
inorganic cation such as alkali metal and ammonium, an 
organic cation such as pyridinium and quaternary ammonium 

0 salt, or a polymer cation having such a cation in a partial 
structure. 

specific exainples of the dye include, as the magenta 
dye, aryl-.-or heteryl^azo dyes having a phenol, a naphthbl 
or an aniline as the coupling component; azomethine dyes - 
5 having a pyrazolone or a pyraaolotriazdla as the coupling 
coinponent; methine dyes such as arylidene dye, styryl dye, 
merooyanine dye and oxonol dye; carbonium dyes such as 
diphenylmethane dye, triphenylmethane dye and xanthene dye; 
quinone-baae dyes such as naphthoquinone, anthraquinone and 
anthrapyridone; and condensed polyoyclic dyes such as 
dioxazine dye. These dyes may be a dye which provides a 
magenta color for the first time when a part of the 
chromophore is dissociated. in this case, the counter 
cation may be an inorganic cation such as alkali metal and 
ammonium, an organic cation such as pyridinium and 
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quaternary antmoniiwi salt, or a polymer cation having such a 
cation in a partial structure. 

Specific exanf>les of the dye include, as the cyan dye, 
azamethine dyes such as indoaniline dye and indophenol dye; 
polymothine dyes such as cyanine dye, oxonol dye and 
merocyanine dye; carbonimn dyes such as diphenylinethane dye, 
triphenylmethane c^e and xanthene c^e; phthalocyanine c^es; 
anthra«3uinone dyes; aryl- or heteryl-azo dyes having a 
phenol, a naphthol or an aniline as the coupling coinponent; 
and indigo -thioindigo dyss. These dya* may be a dya which 
provides a cyan color for the first time when a part of the 
chromophore is dissociated. In this case, the counter 
cation may be an inorganic cation such as alkali metal and 
ammonium, an organic cation such as pyridinium and 
quaternary ammonium salt, or a polymer cation having such a 
cation in a partial structure. 

Examples of the water-soluble dye include a direct 
dye, an acid dye, a food dye, a basic dye and a reactive 
dye. Preferred examples thereof include c.l. Direct Red 2, 
4, 9, 23, 26, 31, 39, 62, 63, 72, 75, 76, 79, 80, 81, 83, 
84, 89, 92, 95, 111, 173, 184, 207, 211, 212, 214, 218, 21, 
223, 224, 225, 226, 227, 232, 233, 240, 241, 242, 243 and 
247; C.l. Direct Violet 7, 9, 47, 48, 51, 66, 90, 93, 94, 
95, 98, 100 and 101; C.I. Direct Yellow 8, 9, 11, 12, 27, 
28, 29, 33, 35, 39, 41, 44, 50, 53, 58, 59, 68, 86, 87, 93, 



95, 96, 98, 100, 106, 108, 109, 110, 130, 132, 142, 144, 
161 and 163; C.I. Direct Blue 1, 10, 15, 22, 25, 55, 67, 68 
71, 76, 77, 78, 80, 84, 86, 87, 90, 98, 106, 108, 109, 151, 
156, 158, 159, 160, 168, 189, 192, 193, 194, 199, 200, 201, 
202, 203, 207, 211, 213, 214, 218, 225, 229, 236, 237, 244, 
248, 249, 251, 252, 264, 270, 280, 288, 289 and 291; C.I. 
Direct Black 9, 17, 19, 22, 32, 51, 56, 62, 69, 77, 80, 91, 
94 , 97, 108, 112, 113, 114, 117, 118, 121, 122, 125, 132, 
146, 154, 166, 168, 173 and 199; C.I. Acid Red 35, 42, 52, 
57, 62, 80, 82, 111, 114, 118, 119, 127, 128, 131, 143, 151, 
154, 158, 249, 254, 257, 261, 263, 266, 289, 299, 30X, 305, 
336, 337, 361, 396 and 397; C.I. Acid Violet 5, 34, 43, 47, 
48, 90, 103 and 126;. -C;!. Acid Yellow 17, 19, 23, 25, 39, • 
40, 42, 44, 49, 50, 61, 64, 76, 79, 110, 127, 135, 143, 151, 
159, 169, 174, 190, 195, 196, 197, 199 , 218 , 219 , 222 and 
227; c.l. Acid Blue 9, 25, 40, 41, 62, 72, 76, 78, 80, 82, 
92, 106, 112, 113, 120, 127:1, 129, 138, 143, 175, 181, 205, 
207, 220, 221, 230, 232, 247, 258, 260, 264, 271, 277, 278, 
279, 280, 288, 290 and 326; C.I. Acid Blaofc 7, 24, 29, 48, 
52:1 and 172; C.I. Reactive Red 3, 13, 17, 19, 21, 22, 23, 
24, 29, 35, 37, 40, 41, 43, 45, 49 and 55; C.I. Reactive 
Violet 1, 3, 4, 5, 6, 7, 8, 9, 16, 17, 22, 23, 24, 26, 27, 
33 and 34; C.l. Reactive Yellow 2, 3, 13, 14, 15, 17, 18, 
23, 24, 25, 26, 27, 29, 35, 37, 41 and 42; C.I, Reactive 
Blue 2, 3, 5, 8, 10, 13, 14, 15, 17, 18, 19, 21, 25, 26, 27, 
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28, 29 and 38; C.I. Reactive Black 4, 5, 8, 14, 21, 23, 26, 
31, 32 and 34; C.I. Basic Red 12, 13, 14, 15, 18, 22, 23, 
24, 25, 27, 29, 35, 36, 38, 39, 45 and 46; C.I. Basic 
Violet 1, 2, 3, 7, 10, 15, 16, 20, 21, 25, 27, 28, 35, 37, 
39, 40 and 48; C.I. Basic Yellow 1, 2, 4, 11, 13, 14, 15, 
19, 21, 23, 24, 25, 28, 29, 32, 36, 39 and 40; C.I. Basic 
Blue 1, 3, 5, 7, 9, 22, 26, 41, 45, 46, 47, 54, 57, 60, 62, 
65, 66, 69 and 71; and C.l. Basic Black 8, 

In the ink set of the present invention, other dyes 
may be used in conibination with th« above-described dyea so 
as to adjust the color tone of a full color imago. 
Examples of the dye which can be used in combination 
include the dyes described above and the following pigments. 

As the pigment which can be used in the present 
invention, oommerciaHy available pigments" and known 
pigments described in various publications can be used. 
Exan^sles of the publication include Color Index , coir^iled 
by The Society of Dyers and Colourists, Kaitei Shin Han 
Ganrvo B lntan (Revised New Handbook of Pictments^ . con^iiled 
by Nippon Ganryo Gijutsu Kyofcai (1989), Saishin Ganrvo Ovo 
Gijutsu (Newest Pigment Application Technology ) . CMC 
Shuppan (1986), Insatsu Ink Gi-jutsu (Printing infc 
Technique) , CMC Shuppan (1984) , and W. Herbst and K. Hunger, 
Industria l Organic Pigments . VCH Verlagsgesellschaft (1993) . 
Specific examples of the pigment include organic pigments 
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such as azo pigments (e.g,, azo lake pigment, insoluble aso 
pigment, condensed azo pigment, chelate azo pigment), 
polycyclic pigments (e.g., phthalocyanine-base pigment, 
anthraquinone-base pigment, perylene-base or perynone-base 
pigment, indigo-base pigment, quinacridon^-baee pigment, 
dioxazine-base pigment, isoindolinone-base pigment, 
quinophthalone-base pigment , diketopyrrolopyrrole-base 
pigment) , dyeing lake pigments (lake pigments of acidic or 
basic dye) and azine pigments, and inorganic pigments such 
as C.I. Pigment Yellow 34, 37, 42 and 53 which are a yellow 
pigment, CI. Pigment Red 101 and 108 which are a red-type 
pigment, C;I. Pigment Blue 27, 29 and 17:1 which are a 
blue-type pigment, C.l. Pigment. Black 7 and magnetite which 
are a black-type pigment, and C»I. Pigment White 4, 6, 18 
and 21 which are a white-type pigment. 

The pigment having a color tone preferred for the 
formation of an image includes the followings. As the blue 
to cyan pigment, phthalocyanine pigments, anthraquinone- 
type indanthrone pigments (for example, C.l. Pigment Blue 
60) and dyeing lake pigment-type triarylcarbonium pigments 
are preferred, and phthalocyanine pigments are most 
preferred (preferred examples thereof include copper 
phthalocyanine such as CI. Pigment Blue 15:1, 15:2, 15:3, 
IS: 4 and 15:6, monochloro or low chlorinated copper 
phthalocyanine, aluminum phthalocyanine such as pigments 
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described in European Patent 860475, nonm^taliic 
Phthalocyanine such as C.I. Pigment Blue 16, and 
phthalocyanine with the center metal being Zn, Ni or Ti, 
and among these, CI. Pigment Blue 15:3 and IS: 4 and 
aluminum phthalocyanino ar® more preferred) . 

As the red to violet pigment, azo pigments (preferred 
escamplee thereof include C.I. Pigment Red 3, 5, 11, 22, 38, 
48:1, 48:2, 48:3, 48:4, 49:1, 52:1, 53:1, 57:1, 63:2, 144, 
X46 and 184, and among these, C.I. Pigment Red 57:1, 146 
and 184 are more preferred), quinaoridone-base pigments 
(preferred examples thereof include C.I. Pigment Red 122, 
192, 202, 207 and 209 and C.I. Pigment Violet 19\and 42, 
and among these, C.l. Pigment Red 122 is more preferred), 
dyeing lake pigment-type triarylcarbonium • pigments 
(preferred examples thereof include xantheKe-toase c.l. 
Pigment Red 81:1 and C.l. Pigment Violet 1, 2, 3, 27 and 
39), dioxaaine-base pigments (for example, c.l. Pigment 
Violet 23 and 37) , diketopyrrolopyrrole-base pigments (for 
example, c.l. Pigment Red 254), perylene pigments (for 
example, C.l, Pigment Violet 29), anthraquinone-base 
pigments (for example, C.I. Pigment Violet 5:1, 31 and 33) 
and thioindigo-base pigments (for exau^le, C.I. Pigment Red 
38 and 88) are preferred. 

As the yellow pigment, azo pigments (preferred 
examples thereof include nvonoaao pigment-type C.I. Pigment 
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Yellow 1, 3, 74 and 98, disazo pigment- type c.I. Pigment 
Yellow 12, 13, 14, 16, 17 and 83, synthetic azo-type C.I. 
Pigment 93, 94, 95, 128 and 155, and benzimidazolone-type 
C.I. Pigment Yellow 120, ISl, 154, 156 and 180, and among 
these, those not using a benaidine-base compound as a raw 
material are more preferred), isoindoline-isoindolinone- 
base pigments (preferred examples thereof include C.I. 
Pigment Yellow 109, 110, 137 and 139), quinophthalone 
pigments (preferred e3taJT¥>les thereof include C.I. Pigment 
Yellow 138) and flavanthrone pigments (for exarople, C.I, 
Pigment Yellow 24) are preferred. 

As the black pigment, inorganic pigments (preferred 
examples thereof include, carbon black and magnetite) and 
aniline black are preferred:: 

Other than these, an orange pigment (for example, C.I. 
Pigment Orange 13 and 16) and a green pigment (for example, 
C.I. Pigment Green 7) may be used. 

The pigment which can be used in the present 
invention may b« the abov^-descrlbed pigment which is not 
subjected to any treatment or is subject«d to a surface 
treatment. For the surface treatment, a method of coating 
the surface with resin or wax, a method of attaching a 
surfactant, and a method of binding a reactive substance 
{for example, a radical generated from a silane coupling 
agent, an epoxy coi^pound, poiyieocyanata or a diaionium 
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salt) to the pigment surface may be used and these are 
described in the following publications and patents: 

<1) Kinzoku Sekken no Seishitsu to Oyo (Properties 
and Appli cations of Metal Soap) . Saiwai Shobo; 

Insatau Ink Insatsu (Printing Ink Printing 
CMC Shuppan (1964) ; 

Saishin Ganrvo Qyo Gijutsu f Newest Pigment: 
Applicat ion Yechnolpgy) , CMC Shuppan (1986) ; 

(4) U.S. Patents 5,554,739 and 5,571,311; and 

(5) JP-A-9-151342, JP'*A-10-140066, JP-A-10-292143 
and JP-A-11-166145. 

Particularly, self-dispersible pigments prepared by 
allowing a^diazonium salt to act on carbon black described 
in U.S. Patents of (4) and capsulated pigments prepared by 
the method described in Japanese Patent Publications o£ -(5) 
are effective, because dispersion stability can be obtained 
without using an excess dispersant in the ink. 

m the present invention, the pigment may be 
dispersed by further using a dispersant. Various known 
dispersants can be used according to the pigment used, for 
example, a surfactant- type low molecular dispersant or a 
polymer-type dispersant can be used. Exaii?ples of the 
dispersant include those described in JP-A-3-69949 and 
European Patent 549486. in using the dispersant, a pigment 
derivative, called synergist may also be added so as to 
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accelerate the adsorption of dispersant to the pigment. 

The particle size of the pigment which can be used in 
the present invention is, after dispersion, preferably from 
0.01 to 10 (un, more preferably from 0.05 to 1 jim. 

As for the method of dispersing the pigment, known 
dispersion techniques used for the production of inJc or 
toner can be used. Examples of the dispersing machine 
include vertical or horizontal agitator mill, attritor, 
colloid mill, ball mill, three-roll mill^ pearl mill, 
super-inill, impeller, disperser, KD mill, dynatron and 
pressure kneader. These are described in detail in Saishin 
Ganryo Oyo Gijut su (Kewest Pigment. ^plication Technoloav) . 
CMC Shuppan (Iddtil) . 

Other components which can be contained in the ink 
composition for inkjet recording of the present invention 
are described below. 

The ink composition for Inkjet recording of the 
present invention may contain a surfactant to control the 
liquid properties of the ink composition/ whereby excellent 
effects can. be provided, such as enhancement of the 
ejection stability of the ink composition, improvement of 
water resistance of the image and prevention of bleeding of 
the printed ink composition, 

Examples of the surfactant include anionic 
surfactants such as sodixam dodecyl sulfate, sodium 
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dodecyloxysyironate and sodium alkylbenzenesulf onate, 
cationic surfactants such as cetylpyridiniian chloride, 
trimethylcetylaramonium chloride and tetrabutylanmionium 
chloride, and nonionic surfactants such as polyoxyethylene 
nonylphenyl ®th®r, poiyoxyethylon© naphthyl ^^ther and 
polyoxyethylene octylphenyl ether. Among these, nonionic 
surfactants are pref erred . 

The surfactant content is from O.OQl to 15 inass%, 
preferably from O.OOS to 10 mass%, more preferably from 
0*01 to 5 mass%, based on th4& inJc oontposition. 

The Inkjet recording ink of the present invention can 
be produced by dissolving or dispersing the dye and:, the 
surfactant in an aqueous medium- The "aqueous medium" as:' 
used in the: present invention means water or a" mixture of- 
water and a slight amount of water-miscible organic <«oX vent >^ 
where additives such as wetting agent, stabilizer and 
antiseptic are added, if desired . 

Exaxiples of the water--miscible organic solvent 
(including a water-soluble organic solvent) which can be 
used in the present invention include alcohols (e.g», 
methanol , ethanol , propanol , i sopropanol , bu tanol , 
isobutanol, sec-butanol, ter t-butanol , pentanol, hexanol, 
cydohexanol, benzyl alcohol), polyhydric alcohols {e.g., 
ethylene glycol, diothylene glycol, triethylene glycol, 
polyethylene glycol, propylene glycol, dipropylene glycol. 



227 



polypropylene glycol, butylene glycol, hexanediol, 
pentanediol, glycerin, hexanetriol^ thiodxglycol) , glycol 
derivatives (e.g., ethylene glycol monomethyl ether, 
ethylene glycol monoethyl ether, ethylene glycol monobutyl 
ether, diothylone glycol monomethyl eth©r, diethylene 
glycol monobutyl ether, propylene glycol monomethyl ether, 
propylene glycol monobutyl ether, dipropylene glycol 
monomethyl ether, triethylene glycol monomethyl ether, 
ethylene glycol diacetate, ethylene glycol monomethyl ether 
acetate, triethylene glycol monomethyl ether, triethylene 
glycol monoethyl ether, ethylene glycol mcnophenyl ether) , 
amines (e.g., ethanolamine, diethanolamine, triethanolamine, 
N-methyld±ethanolamine , N-ethyldiethanolamine , morpholine , 
N'-ethYlmorphollne , ethylenediamine , di ethylene triamine , 
triethylenetetramine, poAyethylenaimine, tetramethyl- 
propylenediamine) and other polar solvents (e.g., formamide, 
N , N--dime thylf ormami de , N , N-dimethylacetamide , dimethyl - 
sulfoxide, sulfolane, 2-pyrrolidone, N'methyl-2-pyrrolidone, 
N-vinyl-a-pyrrolidone, 2-oxa2olidone, 1 ,3-dimethyl-2-. 
xmidazolidinone, . acetonitrile, acetone) . These water- 
miscible organic solvents can be used in combination of two 
or irtore thereof. Among these, water-soltable organic 
solvents having a boiling point of 1S0*C or more are 
preferred in the present invention- 

In the casre where the above -described dye is an oil-- 
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soluble dye, the ink composition can be pre^pared by 
dissolving the oil-soluble dye in a high boiling point 
organic solvent and emulsion-dispersing it in an aqueous 
inedi\iin. 

The high boiling point organic solvent for use in the 
present invention has a boiling point of ISCc or more, 
preferably IVCC or more. 

Examples thereof include phthalic acid esters (e.g., 
dibutyl phthalate, dioctyl phthalate, dicyclohexyl 
phthalate, di-2-ethylhaxyl phthalate, decyl phthalat*, 
bis(2,4-di-tert-ainylphenyl) isophthalate, bxs<l,l-^ . 

diethylpropyl) ..phthalate) , esters of phosphoric acid = or 
phosphone (e.g,., . diphenyl phosphate, triphenyl phosphate^ • 
tricresyl phosphate, • 2-ethylhexyldiphenyl phosphate,- 
diootylbutyl • phosphate^ tricyclohexyl phosphate, ■ • .tri--2-" 
ethylhexyl phosphate, tridecyl phosphate, di-2- 
ethylhexylphanyl phosphate), benzoic acid esters (e.g., 2- 
ethylhexyl benzoate, 2,4-dichlorobenzoate, dodecyl benzoate, 
2-ethylhexyl-p-hydroxyb6n2oate) , amides (e.g., N,N- 
diethyldodeaanamide, N,N-diethyllaurylainide) , alcohols or 
phenols (e.g., isostearyl alcohol, 2,4-dl-tert-ainylphenol) , 
aliphatic esters (e.g., dibutoxyethyl succinate, di-2- 
ethylhexyl succinate, 2-hexyldecyl tetradecanoate, tributyl 
citrate, diethyl azelate, isostearyl lactate, trioctyl 
citrate), aniline derivatives (e.g., N,N-dibutyl-2-butoxy- 
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5-tert-octylaniline) , chlorinated paraffins (^-g.^ 
paraffins having a chlorine content of 10 to 80%) , triinesic 
acid esters (e.g., tributyl trimesate) , dodecylbenzene , 
diisopropylnaphthalene/ phenols (e-g., 2,4-di-tert-aniyl- 
phenyl , 4 --dodecyloxyphonol , 4 -dodeoyioxycarbonylphenol , 4 - 
(4 -dodecyloxyphenylsulfonyl) phenol ) , carboxylic acids (e.g, , 
2- (2 , 4--di-tert-amyXphenoxy) butyric acid, 2-ethoxyoctane- 
decanolc acid) and alkylphosphoric acids (e.g., di-(2- 
ethylhexyl) phosphoric acid and diphenylphosphoric acid)* 
The> high boiling point organic solvent can be used in an 
amount of^ in terms of the mass ratio to the ■ oil -soluble 
dye, from 0.01 to 3 times, preferably from 0,01 to 1.0 
times * 

These high boiling point organic solvents may be used 
individually or as a mixture of -several kinds [for example, 
tricresyl phosphate and dibutyl phthalate, trioctyl 
phosphate and di {2-ethylhexYl) sebacate, or dibutyl 
phthalate and poly (N-tert-butylacrylamide) J , 

Examples of the high boiling point organic solvent 
for use in the present invention, other than the above- 
described compounds, and/or the synthesis method of these 
high boiling point organic solvents are described, for 
example, in U.S. Patents 2,322,027, 2,S33,S14, 2,772,163, 
2,835,379, 3,594,171, 3,676,137, 3,689,271, 3,700,454, 
3,748,141, 3,764,336, 3,765,897, 3,912,515, 3,936,303, 
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4,004,928, 4,080,209, 4,127,413, 4,193,802, 4,207,393, 
4,220,711, 4,239,851, 4,278,757, 4,353,979, 4,363,873, 
4,430,421, 4,430,422, 4,464,464, 4, 483, $18, 4,540,657, 
4,604,606, 4,728,599, 4,745,049, 4,935,321 and 5,013,639, 
EP-A-276319, EP-A-286253, BP-A-289820, EP-A-309158, EP-A- 
309159, EP-A-309160, BP-A-509311, EP-A-S10576, East German 
Patents 147,009, 157,147, 159,573 and 225,240A, British 
Patent 2091124A, JP-A-48-47335, JP-A-50-26S30, JP-A-Sl- 
25133, JP-A-Sl-26036, JP-A-Sl-27921 , JP-A'-51-.27922 , JP-A- 
51-149028, JP-A-52'^4 6816, JP-A-53-1520, JP-A-S3-1521 , JP-A- 
53-15127, JP-A-53-14 6.622, JP-A-S4 -91325 , JP-A-54 -106228, 
JP-A-S4-118246, JP.^-55^594€4, JP-A-56-64333, JP-A-56-81836, 
JP-A-59~204041 , JP-A- 61-84 641, JP-A-62-11834S, JP-A-62- 
247364, JP-A-63~167357> JP-A-63-214744 , JP-A-63-301941, JP- 
A-64-9452/ JP-A-64-9454-, aP-A-64 -68745, JP-A-1-101543, 'JP-. 
A-1-102454, JP-A-2-792, JP-A-2-4239, JP-A-2-43541 , JP-A-4- 
29237, JP-A-4-30165, JP-A-4-232946 and JP-A-4-346338 . 

The high boiling point organic solvent is used in an 
amount of, in terms of the mass ratio to the oil-soluble 
dye, from 0.01 to 3.0 tiroes, preferably from 0.01 to 1,0 
times . 

In the present invention, the oil-solxible dye or high 
boiling point organic solvent is used by emulsion- 
dispersing it in an aqueous medium. Depending on tha case, 
a low boiling point organic solvent may also be used at the 
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emulsion-dispersion in view of emulsifiability. The low 
Ijoiling point organic solvent is an organic solvent having 
a boiling point of about 30 to 1S0«C at atmospheric 
pressure. Preferred exantplss th&reof include esters (e.g., 
ethyl acetate, butyl acetate, ethyl propionate, fi- 
ethoxyethyl acetate, methylcellosolve acetate), alcohols 
(e.g., isopropyl alcohol, n-butyl alcohol, secondary butyl 
alcohol), ketones (e.g., methyl isobutyl ketone, methyl 
ethyl ketone, cyolohexanone) , amides (e.g., dimethyl- 
formamide, N-methylpyrrolidone) and ethers (e.g. , 
tetrahydrofuran, dioxane) , however, the present invention 
is not limited thereto. 

In the emulsion-dispersion, an oil phase obtained by 
dissolving the dye in a high boiling orgartie. solvent or 
depending on the case, in a misced solvent of a high boiling 
organic solvent and a low boiling organic solvent is 
dispersed in an aqueous phase mainly ccanprising water to 
form fine oil droplets of the oil phase. At this time, in 
either one or both of the aqueous phase and the oil phase, 
additives described later, such as surfactant, wetting 
agent, dye stabilizer, emulsification stabilizer, 
antiseptic and fungicide, can be added, if desired. 

In the general emulsification method, an oil phase is 
added to an aqueous phase, however, a so-called phase 
inversion emulsification method of adding dropwise an 



232 



aqueous phase in an oil phase can also be preferably used. 

In performing the emulsion-dispersion of the present 
invention, various surfactants can be used. Preferred 
examples thereof include anionic surfactants such as fatty 
acid salt, alkyl sulfuric ester salt, alkylbenzenesuifonate, 
alkylnaphthalenesulfonate, dialkylsulfosuccinate, alkyl - 
phosphoric ester salt, naphthalenesulfonic acid formalin 
condensate and polyoxyethylene alkylsulfuric ester salt, 
and nonionic surfactants such as poly oxye thy lene alkyl 
ather, polyoxyethylene alkylallyl ether, polyoxyothylene 
fatty acid ester/ sorbitan fatty acid ester ^ 
polyoxyethylene sorbitan fatty acid ester, polyoxyethylene 
alkylamine, glyceric fatty acid ester and oxyethylene 
oxypropylene block copolymer. Also^ SURFYNOLS (produced by.. 
Air Products ^ ehemicaXs) > which are an acetylene-base 
polyoxyethylene oxide surfactant, are preferably used. 
Furthermore, amine oxide-type amphoteric surfactants such 
as K,N-dimethyl-N-alkylamine oxide are preferred. in 
addition, surfactants described in JP-A-S9-157636 (pages 
(37) to (38)) and Research Pi scl osure , No, 308X19 (1989) 
can also be used. 

For the purpose of stabilizing the dispersion 
immediately after the emulsifi cation, a water-soluble 
polymer may be added in combination with the surfactant • 
Preferred exai^ples of the water-soluble polymer include 
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polyvinyl alcohol, polyvinylpyrrolidone, polyethylene oxide 
polyacrylic acid, polyacrylamide and eopolymers thereof. 
Other than these, natural water-soluble polymers such as 
polysaccharides, casein and gelatin are also preferably 
used. Furthertnore, for the stabilisation of the dye 
dispersion, a polyroer which does not substantially dissolve 
in an aqueous medium, such as polyvinyl, polyurethane, 
polyester, polyamide, polyurea and polycarbonate obtained 
by the polymerization of acrylic acid esters, methaerylic 
acid esters, vinyl esters, aorylanddes , methacrylamides , 
olefins, styrenes, vinyl ethers or acrylonitrlles, can Slso 
be used- in conibination . This polymer pr'eferably 

contains or -COO". In the case of using thig : polymer 

which does not substantially dissolve in an aqCieous inedium, 
the polymer is preferably used in an amount ofr 20- m&Ba% or 
less, more preferably 10 ma8s% or less, based on the high 
boiling point organic solvent. 

In preparing an aqueous ink composition by dispersing 
the oil -soluble dye or high boiling point organic solvent 
according to emulsion-dispersion, control of the particle 
size is important. In order to elevate the color purity or 
density of an image formed by the Inkjet recording, it is 
essential to reduce the average particle size. The average 
particle size i«, in terms of the volume average particle 
size, preferably 1 nm or less, more preferably from S to 
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100 nm. 

The volume average particle size and particle size 
distribution of the dispersed particles can be easily 
measured by a known method such as static light scattering 
5 inathod, dynamic light scattering method, centrifugal 
precipitation method and the method described in Jikfcen 
Kaqaku Koza (Lecture of Ex perimental chemistry^ . «th ed. , 
pp. 417-418. For example, the ink composition is diluted 
with distilled water to have a particle concentration o£ 
10 0.1 to 1 mass*, then, the particle sise can be easily 
measured by a commercially available volume average 
particle size measuring apparatus (for example, Micro trac 
UPA, manufactured by Nikkiso - K.K. ) . The dynamic light 
scattering method utilizing, the laser DoRpler effect is 
15 particularly preferred because even a small particle size 
can be measured. 

The volume average particle size is an average 
particle size weighted with the particle volume and is 
obtained by multiplying the diameter of individual 
20 particles, in the gathering of particles with the volume of 
the particle and dividing the sum total of the obtained 
values by the total volume of the particles. The volume 
average particle size is des«?ribed in Soichi Muroi, 
Kobunshi La tex no K k g aku (Chemistry of Polvmer i^t^^i page 
25 119, Kobunshi Kanko Kai. 
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Also, it is revealed that the presence of coarse 
particles greatly affects the printing performance. More 
specifically, the coarse particle clogs the nozzle of head 
or even if the nozzle is not clogged^ forms a soil to bring 
about failure or slippage in the ejection of ink and this 
seriously affects the printing perf ornvance . In order to 
prevent these troubles, it is important to reduce the 
number of particles having a particle size of 5 pm or more 
to 10 or less and the number of particles having a particle 
size of 1 pm or more to 1,000 or less, in 1 ^il of ink 
prepared: 

For removing these coarse .particles, a known method 
such as . -centrifugal separation or microfiltration cEfn be 
used- This separation step may be performed itnmediately 
after -the emulsion-dispersion or may be pei&'formed 
immediately before filling the ink in an ink cartridge 
after various additives such as wetting agent and 
surfactant are added to the emulsified dispersion. 

A mechanically emulaifying apparatus is effective for 
reducing the average particle size and eliminating coarse 
particles . 

As for the emulsifying apparatus, known apparatuses 
such as simple stirrer, impeller stirring system, in-line 
stirring system, mill system t<st.g., colloid mill) and 
ultrasonic system can be used, however, a high-^pressure 
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homogenlzer is particularly preferred. 

The mechanism of the high-pressure homogenizer is 
described in detail in U.S. Patent 4 ,533,254 . and JP-A-6- 
47264. Sxantples of the coitimercdallY available apparatus 
includ© Gaulin Homogenizer (manufactured by A. P. y Gaulin 
inc.), Microfluidizer (manufactured by Microfluidex inc.) 
and Altimizer (produced by Sugino Machine) . 

!rhe high-pressure homogenizer with a mechanism of 
pulverizing particles in an ultrahigh pressure jet stream 
recently described in U.S. Patent 5,720,651 is particularly 
effective for the emulsion-dispersion of the present 
invention. Examples of the ...emulsifying apparatus using 
this ultrahigh pressure jet- stream include DeBEE2000 
(manufactured by BEE International Ltd.). 

In performing the «mul6ifi cation by a high-pressure 
emulsion-dispersing apparatus, the pressure is 50 MPa or 
more, preferably 60 MPa or more, more preferably 180 i4Pa or 
more. 

A method of using two or more emulsifying apparatuses, 
for exangple, by performing the amulsification in a stirring 
eraulsifier and then passing the emulsified product through 
a high-pressure homogenizer is particularly preferred. 
Also, a method of once performing the emulsion-dispersion 
by such an emulsifying apparatus and after adding additives 
such as wetting agent and surfactant, again passing the 
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dispersion through a high-pressure homogenizer during the 
time of filling the ink into a cartridge is preferred. 

In the case of containing a low boiling point organic 
solvent in addition to the high boiling point organic 
5 solvent, the low boiling point solvent i» preferably 
removed in view of stability of the emulsified product, 
safety and hygiene. For removing the low boiling point 
solvent, various known methods can be used according to the 
kind of the solvent. Examples of the method include 

10 evaporation, vacuum evaporation and ultrafiltration. This 
removal of the low boiling point organic solvent is 
preferably performed as soon as possible immediately ..after. .. 
the emul si fi cation* •.'..>.• ^ 

In the ink composition for inkjet recording obtained, 

15 by the pifesent invention^ additives such as drying 
inhibitor for preventing clogging due to drying of ink at 
the ejection port, peirmeation accelerator for attaining 
more successful permeation of ink into paper, ultraviolet 
absorbent, antioxidant, viscosity adjusting agent, surface 

20 tension adjusting agent/ dispersant, dispersion stabilizer, 
fungicide, rust inhibitor and pH adjusting agent, can be 
appropriately selected and used in an appropriate amount. 

The drying inhibitor for use in the present Invention 
is preferably a water-soluble organic solvent having a 

25 vapor pressure lower than water » Specific examples thereof 
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include pQlyhydric alcohois such as ethylene glycol, 
propylene glycol, diethylene glycol, polyethylene glycol, 
thiodiglycol , di thiodiglycol , 2-methyl-l , 3-propanediol , 
1,2, 6-hexanetriol , acetylene glycol derivative , glycerin 
and trimethylolpropano; lower alkyl ethers of polyhydric 
alcohol, such as ethylene glycol monomethyl (or ethyl) ether, 
diethylene glycol monomethyl (or ethyl) ether and 
triethylene glycol monoethyl (or butyl) ether; heterocyclic 
rings such as 2-'pyrrolldone, N-^methyl-2'^pyrrolidone, 1,3- 
diinethyX-2-imida2olidtnone and N-«thylinorpholine/ sulfur- 
containing compounds such as sulfolane, dimethyl sulfoxide 
and 3-Eulfolene; polyfunctional compounds such as diacetone 
alcohol and diethanolamine; and urea derivatives. Among 
these, polyhydric alcohols such as glycerin and diethylene 
glycol are preferred. These drying inhibitors xnay be used 
individually or in combination of two or more thereof. The 
drying inhibitor is preferably contained in an amount of 10 
to 50 mass% in the ink . 

Examples of the permeation accelerator which can be 
used in the present invention include alcohols such as 
ethanol, isoprcpanol, butanol, di (tri) ethylene glycol 
monobutyl ether and 1 ,2-hexanediol, sodiron lauryl sulfate, 
sodium oleate and nonionic surfactants. A sufficiently 
high effect can be obtained by adding from 10 to 30 mass% 
of the permeation accelerator in the ink. The permeation 
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accelerator is preferably used in an amount of causing no 
bleeding of printed letter or no print through. 

Examples of the ultraviolet absorbent which can be 
used in the present invention for iit^proving the preserv- 
5 ability of image include benzotriazole-baae con^unds 
described in JP-A-58-185677, JP-A- 61 -190537, JP-a-2-782, 
JP-A-5-1 97075 and JP-A"9-340S7 , benzophenone-base compounds 
described in JP-A-46-2784 , JP-A-5-194483 and U.S. Patent 
3,214,4 63, cinnamio acid-base compounds described in jp-B- 
10 48-30492 (the texm "jp-S" as used herein means an "exaiained 
Japanese patent publication") , aP-B-56-21141 and JP-A-10- 
88106, triazine-rbase : con^iounds described in JP-A-4 -298503, . 
JP-A-8-S3427, JP-A-8-239360, JP-A--1 0-182621 and JP-T-S- 
501291 (the. term ."jP-T" as used herein means a "published 
15 Japanese translation of a PCT patent application"),- 
compounds described in Research Disclosure No. 24239, and 
compounds of absorbing ultraviolet light and emitting- 
fluorescent light, so-called fluorescent brightening agents, 
represented by stilbene-base cottqaounds and benzoxazole-base 
20 cconpounds. 

As the antioxidant which can be used in the present 
invention for improving the preservability of image, 
various organic or metal complex-base discoloration 
inhibitors can be used. Examples of the organic 
25 discoloration inhibitor include hydroquinones , alkoxy- 
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phenols, dialkoxyphenols^ phenols^ anilines, amines, 
indanes, chromans, alkoxyanilines and heterocyclic rings. 
Examples of the metal coitq^lex include nickel complex and 
zinc complex- More specirically, confounds described in 
patents oited in Research Disclosure . Nos. 17643 (Items 
VII-l to vil-j), 15162, 18716 (page 650, left column), 
36544 (page 527), 307105 (page 872) and 15162, and 
coinpounds included in formulae of representative compounds 
and in exemplary compounds described in JP«-A-62-21S272 
(pages 127 to 137) can be used. 

Examples of tho fungicide for use in the present 
invention include sodium dehydroacetate^ sodium benzoate, 
sodium pyridinethione-l^oxide, ethyl p-hydroxybenzoate, 
l,2-benzisothiazolin-3--one and salts thereof. The 
fungicide is preferably used in an amount of- 0*02 to 5.00 
mass% in the ink* 

These fungicides are described in detail in Bokin 
Sobai Zai Jiten (Dictionary of Microbicide and Fungicide) . 
con¥>iled by Nippon Bokin Bobai Gakkai Jiten Henshu linkai. 

Exan5>les of the rust inhibitor inoluda acidic sulfite, 
sodium thiosulfate, ammon thiogXycolate, diisopropyl- 
ammonium ni tr i te , pentaery thri tol te trani tra te , 

dicyclohexylamraonium nitrite and benzotriazole. The rust 
inhibitor is preferably used in an amount of 0.02 to 5.00 
mass* in the ink. 
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The pH adjusting agent for use in the present 
invention can be suitably used for adjusting the pH and 
in^arting dispersion stability. The pH of the ink is 
preferably adjusted to 8 to 11 at 25^c. If the pH is less 
than 8^ the solubility of dye decreases to readily oause 
clogging of a nozzle, whereas if it exceeds 11, the water 
resistance is liable to deteriorate. Eacajnples of the pH 
adjusting agent include organic bases and inorganic alkalis 
for giving a basic pH, and organic acids and inorganic 
acids for giving an acidic pH. 

Examples of the organic base include triethanolamine, 
diethanolaminev N-methyldiethanolamine and dimethylethanol- 
amine. Examples of the • inorganic alkali include alkali 
metal hydroxide (e.g., sodium hydroxide, lithium hydroxide*, 
potassium hydroxide) ; alkali metal carbonate (e-g/, sodium^ 
carbonate, sodium hydrogencarbonate) and ainmonium. 
Exair^les of the organic acid include acetic acid, propionic 
acid, trifluoroacetic acid and alkylsulfonic acid. 
Examples of the inorganic acid include hydrochloric acid, 
sulfuric acid and phosphoric acid. 

In the present invention, apart from the above- 
described surfactants included in the betaine compound, a 
nonionic, cationic or anionic surfactant is used as the 
surface tension adjusting agent. Examples thereof include 
anionic surfactants such as fatty acid salt, ©Ikylsulfuric 
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ester salt, alkylbenzenesulfonate, alkylnaphthalene- 
sulfonate, dialkylsulfosuccinate, alkylphosphoric ester 
salt, naphthalenesulfonic acid formalin condensate and 
polyoxyethylenealkylsulfurie ester salt, and nonionic 
suxfactanta such as sorbitan fatty acid ester, 
polyoxyethylene alkylamine, glycerin fatty acid ester and 
oxyethylene oxypropylene block copolymer. Also, SURITNOLS 
(produced by Air Products fi Chemicals), which are an 
acetylene-base polyoxyethylene oxide surfactant, are 
preferably used. 

The surface tension of the ink for use in th© present 
invention is, irrespective of dynamic surface tension or 
static surface tension^ preferably from 20 to 50 niN/ni, more 
preferably from 20 to 40 irtN/m, at 2S*C. if the surface 
tension exceeds 50 niN/jn, ejection stability and' printing 
quality are seriously deteriorated, for example, bleeding 
at color mixing or feathering is caused, whereas if the 
surface tension of the ink is less than 20 mN/m, printing 
failure may occur due to, for example, attachment of ink to 
the hard surface at the ejection. 

The ink of the present invention preferably has a 
viscosity at 25-C of 1 to 20 mPa-s, more preferably from 2 
to IS mPa-s, still more preferably from 2 to 10 mPa-s. if 
the viscosity exceeds 30 mPa-s, the fixing rate of the 
recorded image decreases and the ejection performance also 



243 



decreases, whereas if it is less than 1 inPa-s, the recorded 
image is blurred to decrease the grade. 

The viscosity can be freely adjusted by the amount of 
the ink solvent added. Exanq>l6s of the ink solvent include 
glycerin, diethylano glycol, triathanolamine, 2-pyrrolidone, 
diethylene glycol monobutyl ether and triethylene glycol 
monobutyl ether . 

A viscosity adjusting agent may also be used. 
Examples of the viscosity adjusting agent include 
cellulosea, water-soluble polymers such as polyvinyl 
alcohol, and nonionic surfactants. The viscosity adjusting 
agent is described in detail in Nendo chosei Gl-i ut^gu. 
(Viscosity Adjusting Technology) . Chap. 9, Gijutsu. Joho 
Kyokai (1999), and Inkjet Pri-nter Yo Chemicals (98 2oho) - 
Zairyo no Kaihatsu Doko-Tanbo Chosa- (Chemicals for Inkjet 

Printer (Enlarged Edition of sb) -Survey on 

Tendency -Prospect of Development of Materials-^ . pp. 162- 
174, CMC (1997) . 

In preparing the ink of the present Invention, in the 
case of a water-soluble ink, the dye is preferably first 
dissolved in water and thereafter, various solvents and 
additives are added, dissolved and mixed to provide a 
uniform ink solution. 

For dissolving the dye and the like, various methods 
such as stirring, ultrasonic irradiation and shaking can be 
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used. Among these, stirring is preferred. in performing 
the stirring, various systems known in this field can be 
used, such as flow stirring and stirring utilizing the 
shearing force by means of a reversal agitator or a 
dissolve?. Also, a stirring method utilizing the shearing 
force with the bottom surface of a container, such as 
magnetic stirrer, can be advantageously used. 

The recording paper and recording film as reflective 
media for use in the image recording method of the present 
invention are described below. The support which can be 
used for the recording paper or film is produced, for 
example,- from a chemical pulp such as LBKP and NKCP, a 
mechanicaa. pulp such as GP, PGW, rmp, tmp, ctmp;" cmp and 
CGP, or. a waste paper pulp such as DIP, by mixing, if 
desired, , conventionally known additives such = a« . pigment, 
binder, sizing agent, fixing agent, cation agent and paper 
strength increasing agent, and then sheeting the mixture by 
using various devices such as Fourdrinier paper machine and 
cylinder paper machine. other than these supports, 
synthetic paper or plastic film may be used. The thickness 
of the support is preferably from 10 to 250 and the 
basis weight is preferably frcxn 10 to 250 g/m'. 

An ink-receiving layer and a backcoat layer may be 
provided on the support, as it is to produce an image- 
receiving material, or after providing a size press or an 
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anchor coat layer by using starch, polyvinyl alcohol or the 
like, an ink -receiving layer and a backcoat layer may be 
provided to produce an image-receiving material- The 
support may be further subjected to a flattening treatment 
by a calendaring device such as machine calender, TG 
calender and soft calender. 

In the present invention, the support is preferably 
paper or plastic film of which both surfaces are laminated 
with polyolefin <for example, polyethylene, polystyrene, 
polyethylene tereph thai ate, polybutene or a copolymer 
thereof) . In the polyolefin, a white pigment <for example, 
titanium oxide or zinc oxide) . or a tinting dye (for exan^le, 
cobalt blue, ultramarine or neodymium oxide) is preferably 
added. 

The ink-receiving layer provided on the support 
contains a porous material and an aqueous binder. Also, 
the ink-receiving layer preferably contains a pigment and 
the pigment is preferably a white pigment. Examples of the 
white pigment Include inorganic white pigments such as 
calcium carbonate, kaolin, talc, clay, diatomaceous earth, 
synthetic amorphous silica, aluminum silicate, magnesium 
silicate, calcixOT silicate, aluminum hydroxide, alumina, 
lithopone, zeolite, barium sulfate^ calciim sulfate, 
titanium dioxide, zinc sulfide and zinc carbonate, and 
organic pigments such as styrene-base pigment, acryl-base 
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pigment, urea resin and melamine resin. Among these, 
porous inorganic white pigments are preferred, and 
synthetic amorphous silica and the like having a large pore 
area are more preferred. The synthetic amorphous silica 
may be either a silicic acid anhydride obtained by a dry 
production method or a silicic acid hydrate obtained by a 
wet production method, but a silicic acid hydride is 
preferred. These pigments may be used in combination of 
two or more thereof. 

Examples of the aqueous binder contained in the ink" 
receiving layer include water-soluble polymers such as 
polyvinyl alcohol, si lanol -modified polyvinyl . alcohol > • 
starch/ ' cationized starch, casein, gelatin, carboxymethyl: - 
cellulose , hydroxyethyl cellulose, polyvinylpyrrolidone; . 
polyalkylene oxide and polyalkylene oxide derivatives, and • 
water-dispersible polymers such as styrene butadiene latex 
and acryl emulsion. These aqueous binders may be used 
individually or in combination of two or more thereof. 
Among these, polyvinyl alcohol and silanol<-niodified 
jpolyvinyl alcohol are preferred in the present invention in 
view of adhesion to the pigment and peeling resistance of 
the ink-receiving layer. 

The ink-receiving layer may contain a mordant, a 
water-proofing agent, a light fastness enhancer, a 
surfactant, a hardening agent and other additive© in 
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addition to the pigment and the aqueous binder. 

The mordant added to the ink-receiving layer is 
preferably immobilized and for this purpose, a polymer 
mordant is preferably used. 

The polymer mordant is described in JP-A-48-28325, 
JP-A-54-74430, JP-A-54-124726, JP-A-55-22766, JP-A-55- 
142339, JP-A-60-23850, JP-A-60-23851 , JP-A-60-23852, JP-A- 
60-23853, JP-A-60-S7636, JP-A-60-60643, JP-A-60-118834 , JP- 
A-60-122940, JP-A-60-122941 , JP-A-60-122S42 , JP-A-60-235134 , 
JP-A-1-161236 and U.S. Patents 2,484,430, 2,548,564, 
3,148,061, 3,309,690, 4,115,124, 4,124,386, 4,193,800, 
4,273,853, 4,282,305 and 4 ,450,224 : - An image -receiving 
material containing the polymer mordaftt described in JP-A^ 
1-161236 (pages 212 to 215) is particularly preferred. 
When the polymer- mordant" described in this patent 
publication is used, an image having excellent image 
quality can be obtained and at the same time, the light 
fastness of the image is improved. 

The water-proofing agent is effective for obtaining a 
water-resistant image. The water-proofing agent is 
preferably a cationic resin. Examples of the cationic 
resin include polyamidopolyamine epiehlorohydrin, 
polyethyleneimine, polyaminesulfone, poly-dimethyldiallyl- 
anmionium chloride, cation polyacryl amide and colloidal 
silica. Among these cationic resins, polyamidopolyamine 
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epichlorohydrin is preferred. The content of the wtionic 
resin is preferably from 1 to 15 mass%, more preferably 
from 3 to 10 inas5%, based on the entire solid content of 
the ink'^recelving layer. 

Examples of the light fastness enhancer include zxna 
sulfate, zinc oxide, hindered amine-base antioxidants, and 
benzotriazole-base ultraviolet absorbents such as benzo- 
phenone. Among these, zinc sulfate is preferred. 

The surfactant functions as a coating aid, a 
releasability improver, a slipperiness in«>rovar or an 
antistatic agent. The surfactant is described in JP-A-62- 
173463 and .JP-A-62-183457 . 

In .place ..of. the surfactant, an organic fliioro 
compound may be used. The organic fluoro ooni>ound is •-- 
preferably hydrophobic. Examples of the organic fluoro 
compound include fluorine-containing surfactants, oily 
fluorine-base compounds (for example, fluorine oil) and 
solid fluorine compound resins (for exainple, ethylene 
tetrafluoride resin) . The organic fluoro coinpound is 
described in JP-B-57-9053 {columns 9 to 17), JP-A-61-20994 
and JP-A-62-135826, 

As the hardening agent, for example, the materials 
described in JP-A-l-i 61236 (page 222) can be used. 

Other examples of the additive added to the Ink- 
receiving layer include a pigment dispersant, a thickener, 
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a defoaroing agent, ? dye, a flyorescent brightening agent, 
an antiseptic, a pH adjusting agent, a matting agent and a 
hardening agent. The ink-receiving layer raay be composed 
of one layer or two Isiyers. 

In the recording paper or film, a backcoat layer may 
also be provided. Exantples of the cowiponent which can be 
added to this layer include a white pigment, an aqueous 
binder and other components. 

Examples of the white pigment contained in the 
bacJcooat layer include inorganic white pigments such as 
precipitated calcium carbonate, heavy calcium carbonate, 
kaolin, talc, calcium sulfate, barium sulfate, titanium 
dioxide, zinc oxide, zinc sulfide, zinc carbonate, satin 
white, aluminum silicate, diatomaceous earth, calcium 
silicate, magnesium silicate, synthetic amorphous silica, 
colloidal silica, colloidal alumina, pseudo-boehmite, 
aluminum hydroxide, alumina, lithopone, zeolite, hydrolyzed 
halloysite, magnesi\jm carbonate and magnesium hydroxide, 
and organic pigments such as styrene-base plastic pigment, 
acryl-base plastic pigment, polyethylene, microcapsule, 
urea resin and melamine resin. 

Examples of the aqueous binder contained in the 
backcoat layer include water-soluble polymers such as 
styrena/maleate copolymer, styrene/acrylate copolymer, 
polyvinyl alcohol, silanol -modified polyvinyl alcohol, 
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starch, cationized starch, casein, gelatin, carboxymethyi 
cellulose, hydroxyethyl cellulose and polyvinylpyrrolidone, 
and water-dispersible polymers such as styrene butadiene 
latex and acryl emulsion. Other components contained in 
the baokcoat layer include a defoandng agent, a foam 
inhibitor, a dye, a fluorescent brightening agent, an 
antiseptic and a water-proofing agent. 

In a constituent layer (including the back layer) of 
the ink jet recording paper or film, a polymer fine particle 
dispersion may be added. The polymer fine particle 
dispersion Is used for the purpose of in^roving film 
properties, for: r-example, stabilizing dimension and 
preventing curling, adhesion or film cracking. The polymer 
fine particle dispersion is described in JP-A-62~24S2S8; 
JP-'A^62-13i6648 and JP-A-62-110066. When a polymer fine 
particle dispersion having a low glass' transition 
temperature (40«C or less) is added to a layer containing a 
mordant, the layer can be prevented from cracking or 
curling. The curling can be prevented also by adding a 
polymer fine particle dispersion having a high glass 
transition t^perature to the back layer. 

The present invention is not limited in the Inkjet 
recording system and is used for a known system, for 
example, an electric charge controlling system of jetting 
out the ink by utilizing the electrostatic induction force, 
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a drop-on-demand system (pressure pulse system) utilizing 
an oscillation pressure of a piezoelectric device, an 
acoustic inkjet system of converting electric signals into 
acoustic beams, irradiating the beams on the ink and 
5 jetting out the ink by utilizing the radiation pressure, 
and a thermal inkjet (bubble jet) system of heating the- ink 
to form a bubble and utilizing the generated pressure. 

The inkjet recording system includes a system of 
ejecting a large number of small-volume ink droplets of a 
0 so-called photo ink having a low concentration, a system of 
improving the image quality by using a plurality of inks 
having substantially the same , color hue but ' differing in 
the. concentration, and a system using a colorless 
transparent ink. v.-, .-. 

The inkjet recording ink. of the present invention can 
be used for uses other than the inkjet recording, such as a 
material for display image, an image-forming material for 
interior decoration and an image-forming material for 
outdoor decoration. 

Examples of the material for display image include 
various materials such as poster, wall paper, ornamental 
goods (e.g., ornament, doll), handbill for commercial 
advertisement, wrapping paper, wrapping material, paper bag, 
vinyl bag, package material, billboard, image drawn on or 
attached to the side face of traffic (e.g., automobile, bus, 
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electric car), and clothing with a logo. In the case of 
using the dye of the present invention as a material for 
forming a display image the image includes not only a 
strict image but also all patterns by a dye, which can be 
acknowledged by a hxoxnan, such as abstract design, letter 
and geometrical pattern. 

Examples of the material for interior decoration 
include various materials such as wall paper, ornamental 
goods (e.g., ornament, doll), luminaire member, furniture 
member and design member of floor or ceiling. In the case 
of using the dye of the present invention as a material for 
forming an image, the - image, includes not only a strict 
image but also all ; patterns by a dye, which can be 
acknowledged by a human, such as abstract design, letter 
and geojnetrioal pattern. 

Examples of the material for outdoor decoration 
include various materials such as wall material, roofing 
material, billboard, gardening material, outdoor ornamental 
goods {e,g-, ornament, doll) and outdoor luminaire member. 
In the case of using the dye of the present invention as a 
material for forming an image, the image includes not only 
a strict image but also all patterns by a dye, which can be 
acknowledged by a human, such as abstract design, letter 
and geometrical pattern. 

In these uses, examples of the medium on which the 
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pattern is formed include varipus materials such 33 paper, 
fiber, cloth {including non-woven fabric), plastic, metal 
and ceramic. Examples of the dyeing form include 
mordanting, printing and fixing of a dye in the form of a 
reactive dye having introduosd thereinto a reactive group. 
Among these, preferred is dyeing by mordanting. 



EXAMPLES 

The present invention is described below by referring 
to Exaniples, however, the present invention is not limited 
thereto.; : • . - . ■• ■.• 

[Example I] . . . , 

Ultrapure water (resistance: 18 MO or more) was 
added to the following components to make 1 liter and the 
resulting solutions each was stirred for 1 hour under 
heating at 30 to 40»c and then filtered under ireduced 
pressure through a miorofilter having an average pore size 
of 0.25 lua. In this way, Inkjet Ink Set 101 consisting of 
respective ink solutions was prepared. 
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(Constitution of Ink Set 101) 



[Table 33] 





G 


LC 


M 


LM 


Y 


DY 


XSJC 


Dy© 


w-1 
45 g 


C-1 

15 g 


M^l 
30 g 




V-1 
30 a 


Y-1 30 cr 
C-1 3 g 
M-1 5 g 


BK-1 55 g 
bK— Z 15 g 




3 g 


3 g 


3 g 


3 g 


3 g 


3 g 


3 g 


UR 


12 g 


5 g 


10 g 


5 g 


10 g 


15 g 


17 g 


D(?B 










130 g 


g 


120 g 


TGB 


150 g 


140 g 


120 g 


120 g 








DEC 


100 g 


100 g 


90 g 


80 g 








TOG 










110 g 


125 g 


100 g 


GR 


120 g 


130 g 


130 g 


120 g 


125 g 


135 g 


125 g 


PRD 


3S g 


35 g 










35 g 


TEA 


lO g 


10 g 


10 g 


10 g 


10 g 


10 g 


10 g 


PRX 


1 g 


1 g 


1 g 


1 g 


1 g 


1 g 


iJL— 




lO g 


10 g 


10 g 


10 g 


10 g 


10 g 


10 g 1 



255 




H H 



256 




257 



BTZ : Benzotriazole 
OR: Urea 

DGBs Dietbylena glycol monobutyl ether 

TGB! Triethylon© glycol inonobutyl ether 

DEG: Diethylene glycol 

TEG: Triethylene glycol 

GR: Glycerin 

PRD: 2 -Pyrrol idone 

TEA: Triethanol amine (TEA) 

PRX; Proxel XL2 (S) , prcxJuced by Avecia 

SW: olfine BIOIO (nonionic surfactant) 

ink sets 10.2 to llO having thoroughly the san^ 
constitution as ink Set 101 except for changing sw as 
follows were produced. 
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[Table 34] 





c 


liC 


M 


114 


Y 


DY 




101 

Exazxtplo) 


sw 
10 g// 


sw 

10 fs/i 


SW 
10 g/^ 


SW 
lO g// 


SW 
10 g/£ 


SW 
10 g/£ 


SW 
10 g/£ 


102 
\ ^onipa iTa. 

Example) 


POEN 
10 g/^ 


POEN 
10 g/^ 


POEN 
10 g/^ 


POEN 
10 g// 


POEN 
10 g/^ 


POEN 

10 g/e 


POEN 

10 g/e 


103 

(Cc^aratlve 

Example} 


POEN 

10 <3/Jt 


10 g/^ 


10 g/i 


XI— 1 

10 g/-e 


POEN 

10 g/^ 


POEN 
10 g/£ 


AZOT 

10 g/e 


104 

( Coxnpara t,l ve 


POEM 
10 g/£ 


lO g/£ 


Xl~l 
lO g/i 


Xl-1 

10 g/^ 


AZOT 

10 g/e 


AZOT 

lO g/e 


AZOT 
10 g/^ 


105 
(Invention) 


sw 

TO rs/P 


SW 
iu g/t 


Xl-1 
10 g/^ 


Xl-1 

10 g// 


SW 
10 g/-f 


sw 
10 g/e 


sw 
10 g/^ 


106 
(Invention) 


SW 

iv g/^ 


SW 


X2-3 
10 g// 


X2-3 
10 g/^ 


SW 
10 g/4? 


SW 
10 g/£ 


SW 

10 g/e 


107 
(Invention) 


W4-5 
10 g/^ 


W4-5 

10 g/4 


Xl-1 
10 g/^ 


Xl-1 
10 Q/t 


W4-5 
XO a/£ 


W4-5 


W4-5 
g/ « 


lOQ 
(Invention) 


W4-5 
10 <^/i 


W4-5 
10 g/^ 


W2-3 
10 g/-^ 


W2-3 
10 g/^ 


W4-5 
10 g/£ 


W4-5 

10 g/e 


W4-5 
10 g/^ 


109 
(Invention) 


SW 
10 g/^ 


SW 
10 g/^ 


10 g/^ 


X2-3 

10 g/e 


X-9 
10 g/£ 


X-9 
10 g/£ 


sw 
10 g/e 


110 
(Invention) 


W4-5 
10 q/l 


W4-5 
10 g/^ 


10 g/^ 


Xl-1 
10 g/i 


W4-5 
10 g/£ 


W4-5 
10 g/£ 


W2-3 

10 g/e 



POEN: PolyoxyethyXene nonylphenyl ether 



AZOT: Aerozol OT 



These inks were filled in ink cartridges of Inkjet 
Printer PM-950C manufactured by Seiko Epson Corp. and a 
stepwise image pattern of gray and a portrait image of a 
person were printed. 

The image was printed on Inkjet Photo Gloas Paper 
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"GASAI" produced by Fuji Photo Film Co., Ltd. used as the 

image-receiving sheet and the image quality, ejection 
property of ink and fastness of image were evaluated. 

(Evaluation Tests) 

1) In the ©valuation of ejection stability 

(ejection property) , cartridges were set in the printer and 
after confirming the ejection of ink from all noazles, the 
printer was stopped. The printer was left standing in an 
environment of 15»c and 30% RH for 240 hours and further in 
an environment of SS^C and 90% RH for 240 hours. 
Thereafter, the image was output on 100 sheets of A4-si2!e 
paper and rated based on the following criteria: 

A: Printing was not disordered from the start to- 
tha end of printing . 

B;. . Printing was disordered in some outputs. 
C: Printing was disordered from the start to the 
end of printing. 

2) As for the image preservability, the following 
evaluations were performed by using a printed sample. 

II] In the evaluation of light fastness, the image 
after printing was irradiated with xenon light (85,000 ix) 
for 7 days by using a weather meter manufactured by Atlas 
and then rated. The sainple was rated A when the reduction 
level of image as conq?ared with the initial stage was in 
the allowable range, rated B when reduction in the density 
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was small but the color balance was disrupted, and rated C 
when the density was clearly decreased and the image level 
was greatly reduced. 

[2] In the evaluation of heat fastness, the sample 
was stored for 10 days under conditions of 80°C and 70% RH 
and rated in the same manner. 

[3] In the evaluation of ozone resistance (Oa 
fastness) , the sample was left standing for 7 days in a box 
set to an ozone gas concentration of 0,5 ppm and rated in 
the same manner. 

3) In the evaluation of printing quality (bronze) 
in a high-density area, an iitiage pattern where 7 colors of 
C, Y, R and Bk each was stepwise changed in the 

density according to pure colors of 8 stages • was prepared 
by a software (Adobe Photoshop 7) and this pattern was 
printed under ambient conditions of IS^C and 80% Rjf. 

The sample was rated A when a printed image having 
gloss from the low density part to the high density part 
was obtained, rated B when from 1 to 3 non- transparent 
portions were observed in the image, and rated C when 4 or 
more non-transparent portions were observed. 

4) In the evaluation of blurring of the image 
under high humidity conditions, a printing pattern where 
four B, G or R square patterns each in a size of 3 cm x 3 
cm were arrayed to form a two-line and two-column tabl® 
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shape With a l-iron white clearance between respective square 
patterns v^as prepared and after this linage san^^le was 
stored under conditions of SB^'C and 90% RH for 72 hours, 
the bleeding of dye in the white clearance was observed. 
The sample was rated A when the increase of density in the 
white clearance based on the density innnediately after 
printing was 0.01 or less as measured by a Status A visual 
density filter, rated B when the increase was from 0.01 to 
0-05^ and rated C when the increase was 0.05 or more. 

The results obtained are shown in the Table below. 
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[Table 35] 



No. 


Ejection 


I#ight 

Fa;5tness 


Heat 
Fastness 


Fastn^$;$ 


Bronze 


Blee<iing 


PM~950C (Bk) 
( Coix^d r'a, tid. ve 


A 


B 


B 


C 


A 


B 


101 

( Cosnpara ti ve 
Example) 


A 


A 


A 


A 


B 


C 


102 

(Comparative 
£xan\ple) 


A 


A 


A 


A 


B 


c 


103 

( Compar a, t i ve 
Example) 


B 


A 


A 


A 


C 


A 


104 

Example) 


B 


A 


A 


A 


c 


C 


105 
(Xnvezi-b±ozi) 


A 


A 


A 


A 




A 


106 
(Invention) 


A 


A 


A 






A 


107 
(Invention) 


A 


A 


A 


A 


A^ 


A 


108 
(Invention) 


A 


A 


A 


A 


A 


A 


109 

( Invention) 


A 


A 


A 


A 


A 


A 


110 
(Invention) 


A 


A 


A 


A 


A 


A 



As seen frcwi the results in the Table, the systems 
using the Inkjet ink set of the present invention surpassed 
Coniparative Examples in all performances. 

Even when the ink jet ink and ink jet ink set of the 
present invention were used for a thermal inkjet printer, 
the same results were obtained. 
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This application is based on Japanese Patent 
application JP 2003-80221, filed March 24, 2003, and JP 
2003-404494, filed Deceniber 3, 2003, the entire contents 
5 of those are hereby incorporated by reference, the same as 
if set forth at length. 
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